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MONO DIAMETER WELLBORE CASING 

Cross Reference To Related Applications 

The present application claims the benefit of the filing dates of. (1) U.S. provisional 
patent application serial no. 60/338,996. attorney docket no 25791.87. filed on 
11/12/2001, (2) U.S provisional patent application serial no. 60/339,013, attorney 
docket no. 88. filed on 11/12/01 (3) U.S. provisional patent application serial no. 
60/363,829, attorney docket no. 25791.95. filed on 3/13/2002, (4) U.S. provisional 
patent applk:ation serial no. 60/387,961, attorney docket no. 25791.108. filed on 
6/12/2002 the disclosures of which are incorporated herein by reference. 

The present application is related to the follovwng: (1) U.S. patent applicatnn serial no. 
09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent no. 6.328,113, (5) U.S. patent appllcafion serial no. 
09/523,460, a omey docket no. 25791.11.02. filed on 3/10/200(- (6) U.S. patent 
application serial no 09«12.895, attorney docket no. 25791.12.02, filed on 2/24/2000, 
(7) U S. patent application serial no. 09/511,941. attorney docket no. 25791.16.02. filed 
on 2/24/2000. (8) U.S patent applicatlbn serial no. 09/588.946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122. 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial 
no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162.671. attorney docket no. 25791.27. filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047. attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039, attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no 25791.37, filed on 10/12/1999. (16) U.S. provisional patent applKation serial 
no 60/212.359, attorney docket no. 25791 38. filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attorney docket no. 25791.39. filed on 
11/12/1999. (18) US. FHovisional patent application serial no. 60/221,443, attorney 

1 



25791 88.12 



P1015846B07 



docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46. filed on 7/28/2000, (20) U.S. provismnal 
patent application serial no 60/233.638, attorney docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provisional patent application serial no. 60/237,334. attorney 
6 docket no. 25791.48. filed on 10/2/2000, (22) U.S provisional patent application serial 
no. 60/270.007. attorney docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional 
patent applk^tlon serial no. 60/262.434. attorney docket no. 25791.51, filed on 
1/17/2001, (24) U.S. provisional patent application senal no. 60/259,486. attorney 
docket no. 25791.52. filed on 1/3/2001. (25) U.S. provisional patent application serial 
10 no. 60/303.740. attorney docket no. 25791.61, filed on 7/6/2001. (26) U.S. provisional 
patent applicataon serial no. 60/313.453, attorney docket no. 25791.59, filed on 
8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attorney 
docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent application serial 
no. 60/318.021. attorney docket no. 25791.58, filed on 9/7/2001, (29) U.S. provisional 
15 patent application serial no. 60/3318,386; attorney docket no. 25791.67.02, filed on 
9/10/2001, (30) U.S. provisional patent application serial no. 60/326,886, attorney 
docket no. 25791.60, filed cn 10/3/2001, (31) U.S. utility patent appiicata'on serial no. 
09/969,922, attorney dcket no. 25791.69, filed on 10/3/2001, (32) U.S. provisional 
patent application serial no. 60/338.996, attorney docket no. 25791.87, filed on 
20 11/12/2001. (33) U.S provisional patent application serial no. 60/339.013. attorney 
docket no. 25791.88. filed on 11/12/2001. (34) U.S. utility patent application serial no. 
10/016.467. attorney docket no. 25791.70. filed on 12/10/2001, (35) U.S. provisional 
patent application serial no. 60/343,674. attorney docket no. 25791.68, filed on 
12/27/2001, (36) U.S. provisional patent application serial no. 60/346,309, attorney 
25 docket no 25791.92, filed on 1/7/2002, (37) U.S. proviskmal patent application serial 
no. 60/357,372, attorney docket no. 25791.71. filed on 2/15/2002, (38) U.S. provisional 
patent applicption serial no 60/363.829. attorney docket no. 25791.95. filed on 
3/13/2002. (39) U.S. provisional patent application serial no. 60/372.048. attorney 
docket no. 25791.93. filed on 4/12/2002. (40) U.S. provisional patent application serial 
30 no. 60/372.632. attorney docket no. 25791.101. filed on 4/15/2002, (41) U.S. 
provisional patent application serial no. 60/380,147, attorney docket no. 25791.104, 
filed on 5/6/2002, (42) US. provisional patent applteation serial no. 60/383,917. 
attorney docket no. 25791.89. filed on 5/29/2002. (43) U.S. provisional patent 
application senal no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002, 
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(44) U.S. provisional patent appiication serial no. 60/387.961. attorney docket no 
25791 108. filed on 6/12/2002. (45) U.S. provisional patent application serial no. 
60/391.703. attorney docket no. 25791.90. filed on 6/26/2002. (46) U.S. provisional 
patent application serial no. 60/397.284. attorney docket no. 25791.106. fHed on 
5 7/19/2002. (47) U.S. provisional patent application serial no. 60/398.061, attorney 
docket no 25791 .110. filed on 7/24/2002, (48) U.S. provisional patent application serial 
no 60/399,240, attorney docket no. 25791.111, filed on 7/29/2002, (49) U.S. 
provisional patent appiication serial no. 60/405,610. attorney docket no. 25791.119, 
filed on 8/23/2002, (50) U.S. provisional patent applteation serial no. 60/405.394, 
10 attorney docket no. 25791 120, filed on 8/23/2002, (51) U.S. provisional patent 
application serial no. 60/407,442, attorney docket no. 25791.125, filed on 8/30C002, 
(52) U S. provisional patent application serial no. 60/412.542. attorney docket no. 
25791.102. filed on 9/20/2002. (53) U.S. provisional patent applicatton serial no. 
60/412.177. attorney docket no. 25791.117. filed on 9/20/2002. (54) U.S. provisional 
15 patent application serial no 60/412.653. attorney docket no. 25791.118, filed on 
9/20/2002. (55) U.S. provisional patent application serial no. 60/412,544, attorney 
docket no. 26791.121, filed on 9/20/2002. (56) U.S. provisional patent application serial 
no. 60/412.187. attorney docke no. 25791.128. filed on 9/20/2002, (57) U.S. 
provisional patent application serial no. 60/412,187, attorney docket no. 25791.127, 
20 filed on 9/2(y2002, (58) U.S. provisional patent application serial no. 60/412.487. 
attorney docket no. 25791.127. filed on 9/20/2002. (58) U.S. provisional patent 
application serial no. 60/412.487, attorney docket nO. 25791.112, filed on 9/20/2002, 
(59) U.S. provisional patent application serial no. 60/412,488, attorney docket no. 
25791.114, filed on 9/20/2002. and (60) U.S. provisional patent application serial no. 
25 60/412.371, attorney docket no. 25791.129. filed on 9/20/2002. (61) PCT Patent 

Application No. PCT/US02 , attorney docket no 25791.87.02. filed on 11/11/02 

and (62) PCT Patent Application No. PCT/US02 attorney docket no. 

25791.88.02, filed on 11/11/02 the disclosures of which are incorporated herein by 
reference. 



Background Of The Invention 



This invention relates generally to oil and gas exploration, and in particular to fonning 
and repairing wellbore casings to facilitate oil and gas exptoration. 

3 



25791 88.12 



P101684GB07 



Conventionally, when a wellbore Is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the fomiation into the borehole. 
5 The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
inten«l. As a consequence of this procedure the casing of the lower inten/al is of 
smaller diameter than the casing of the upper interval. Thus, the casings are In a 
nested arrangement with casing diameters decreasing in downward direction. Cement 

10 annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings firom the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings 

15 Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and ^he large volume of cuttings drilled and 
removed. 



The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming and/or repairing wellbore casings. 

Summa7 of the Invention 

According to one aspect of the present invention, an apparatus for radially expanding 
and plastically defomiing an expandable tubular member is provided that includes a 
float shoe adapted to mate with an end of the expandable tubular member, an 
adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular 
member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace the adjustable 
expansion mandrel relative to the expandable tubular member, a locking device 
coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device. 

4 



25791 66.12 



P101584GB07 



According to another aspect of the present invention, a method for radially expanding 
and plastically defonning an expandable tubular member within a borehole is provided 
that includes posttioning an adjustable expansion mandrel within the expandable 
5 tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out 
of the expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, and displadng the adjustable expansion mandrel upwardly relative 
to the expandable tubular member n times to radially expand and plastically deform n 
1 0 portions of the expandable tubular member 

According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning an adjustable expansion 
mandrel within a first expandable tubular member, supporting the firet expandable 

15 tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outside dimension of the adjustable expansion rnandrel, displacing the adjustable 
expansion mandrel upwardly relative to the first expar^'aWe tubular member m times to 
radially expand and plastically defonn m portions of the first expandable tubular 

10 member within the borehole, positioning the adjustable expansion mandrel within a 
second expandable tubular member, supporting the second expandable tubular 
member and the adjustable expansion mandrel within the borehole in overlapping 
relation to the first expandable tubular member, lowering the adjustable expansion 
mandrel out of the second expandable tubular member. Increasing the outside 

5 dimension of the adjustable expansion mandrel, and displacing the adjustable 
expansion mandrel upwardly relative to the second expandable tubular member n 
times to radially expand and plastically defonn n portions of the second expandable 
tubular member within the borehole. 

[) According to another aspect of the present invention, an apparatus for radially 
expanding and plastically defomiing an expandable tubular member is provided that 
includes a float shoe adapted to mate with an end of the expandable tubular member, 
an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular 
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member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace the adjustable 
expansion mandrel relative to the expandable tubular member, a locking device 
coupled to the actuator adapted to controllably engage the expandable tubular 
5 member, a support member coupled to the locking device, and a sealing member for 
seabngly engaging the expandable tubular member adapted to define a pressure 
chamber above the adjustaUe expansion mandrel during radial expansion of the 
expandable tubular member. 

10 According to another aspect of the present invention, a method for radially expanding 
and plastically defonrning an expandable tubular member within a borehole Is provkted 
that includes positioning an adjustable expansion mandrel within the expandable 
tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out 

15 of the expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member o times to radially expand and pJastically defomi n 
portions c the expandable tubular member within the borehol*. and pressurizing an 
interior region of the expandable tubular member above tiie adjustable expansion 

20 mandrel during ttie radial expansion and plastic deformation of ttie expandable tubular 
member within the borehole. 

According to another aspect of the present invention, a method for fonning a mono 
diarrieterw^llbore casing is provided tfiat includes positioning an adjustable expansion 

25 mandrel wittiin a first expandable tubular member, supporting ttie firet expandable 
tubular member and tfie adjustable expansion mandrel wrthin a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outsKle dimension of the adjustable expanston mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the firet expandable tubular member m times to 

30 redially expand and plastically deform m portions of ttie firet expandable tubular 
member ^within the borehole, pressurizing an interior region of tiie first expandable 
tubular (Member above ttie iadjustable expansion mandrel during ttie radial expansion 
and plastic defomiation of tiie first e)4>andable tubular member within ttie borehole, 
positioning the adjustable expanston mandrel wHhin a second expandabte tubular 
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member, supporting the "second expandable tubular member and the adjustable 
expansion mandrel within the borehoje m overlapping relation to the first expandable 
tubular member, lowering the adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the adjustable 
5 expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the second expandable tubular member n times to radially expand and plastically 
defomi n portions of the second expandable tubular member within the borehole, and 
pressurizing an interior region of the second expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic defonnation of 
10 the second expandable tubular member within the borehole. 

According to another aspect of the present invention, an apparatus for drilling a 
borehole within a subterranean formation and then radially expanding and plastically 
defomiing an expandable tubular member within the drilled borehole is provided that 

15 includes a float shoe adapted to mate with an end of the expandable tubular member, a 
dniling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a 
larger outside dimt-nslon for radial expansion of the expandable tubuls* member or 
collapsed to a smaller outside dimension, ah actuator coupled to the adjustable 

20 expansion mandrel adapted to controllably displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, and a support 
member coupled to the locking device. 

25 According to another aspect of the present invention, a method for drilling a borehole 
within a subterranean formation and then radially expanding and plastically deforming 
an expandable tubular member within the drilled borehole is provkJed that include 
positioning an adjustable expansion mandrel within the expandable tubular member, 
coupling a dniling member to an end of the expandable tubular member, drilling the 

30 borehole using the dniling member, positioning the adjustable expansion mandrel and 
the expahdable tubular member within the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside 
dimenswn of the adjustable expanskm mandrel, and displacing the adjustable 
expansion mandrel upwardly relative to the expandable tubular member n times to 
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radially expand and plastically deform n portions of the expandable tubular member 
within the drilled borehole. 

According to another aspect of the present invention, a method for forming a mono 
5 diameter wellbore casing within a borehole is provided that includes positioning an 
adjustable expansion mandrel wfthin a first expandable tubular member, coupling a 
drilling member to an end of the first expandable tubular member, dniling a first section 
of the borehole using the drilling member, supporting the first expandable tubular 
member and the adjustable expansion mandrel within the drilled first section of the 

1 0 borehole, lowering the adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimension of the adjustable expansion mandrel, 
displadng the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically defonn m portions of the first 
expandable tubular member within the drilled first section of the borehole, positioning 

15 the adjustable expansion mandrel within a second expandable tubular member, 
coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the. borehole using the drilling member, supporting the 
second expandable tubular i* ember and the adjustable expansion mandrel within -.he 
borehole in overiapping relation to the first expandable tubular member within the 
20 second drilled section of the borehole, lowering the adjustable expansion mandrel out 
of the second expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel 
upwardly relative to the second expandable tubular member n times to radially expand 
and plastically defonn n portions of the second expandable tubular member within the 
25 drilled second section of the borehole. 

According to another aspect of the present inverition. an apparatus for drilling a 
borehole within a subterranean fomiation and then radially expanding and plastically 
defonning an expandable tubular member within the drilled borehole is provided that 
30 includes a float shoe adapted to mate with an end of the expandable tubular member, a 
drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a 
larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable 
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expansion mandrel adapted to controllaWy displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controHably engage the expandable tubular member, a support member 
coupled to the locking device, and a sealing member for sealing engaging the 
5 expandable tubuljar member adapted to define a pressure chamber above the 
adjustable expanston mandrel during the radial expansion of the expandable tubular 
member. 

According to another aspect of the present invention, a method for drilling a borehole 
10 within a subterranean fonnallon and then radially expanding and plastically deforming 
an expandable tubular member within the drilled borehole is provWed that includes 
positioning an adjustable expansion mandrel within the expandable tubular member, 
coupling a drilling member to an end of the e^qiandable tubular member, drilling the 
borehole using the drilling member, positioning the adjustable expansion mandrel and 
15 the expandable tubular member withjn the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion 
mandrel upwardly relative to the expar' able tubular member n times to radially expand 
and plastically defomn n portions of the expandable tubular member within the drilled 
20 borehole, and pressunng an interior portion of the expandable tubular member above 
the adjustable expansion mandrel during the radial expansion and plastic defonnation 
of the expandable tubular member within the drilled borehole. 

According to another aspect of the present invention, a method for forming a mono 
25 diameter wellbore casing within a borehole is provkled that includes positioning an 
adjustable expansion mandrel within a first expandable tubular member, coupling a 
drilling member to an end of the first expandable tubular member, dnlling a first section 
of the borehole using the dnlling member, supporting the first expandable tubular 
member and the adjustable expansion mandrel within the drilled first section of the 
30 borehole, lowering the adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically defomri m portions of the first 
expandable tubular member within the drilled first section of the borehole, pressuring 
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an intenor portion of the first expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the first drilled section of the borehole, positioning 
the adjustable expansion mandrel within a second expandable tubular member, 
5 coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, supporting the 
second expandable tubular member and the adjustable expansion mandrel within the 
borehole in overiapping relation to the first expandable tubular member within the 
second drilled section of the borehole, lowering the adjustable expansion mandrel out 

10 of the second expandable tubular memoer, increasing the outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the second expandable tubular member n times to radially expand and 
plastically defonn n portions of the second expandable tubular member within the 
drilled second section of the borehole, and pressuring an interior portion of the second 

15 expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic defomiation of the second expandable tubular member within 
the drilled second section of the borehole. 



According to another aspect of the present invention, an apparatus for radially 
expanding and plastically defonning an expandable tubular member is provided that 
includes a float shoe adapted to mate virfth an end of the expandable tubular member, a 
first adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a first larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a first smaller outside dimension, a second adjustable 
expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a second smaller outside dimension, an 
actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels relative to the 
expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, and a support member coupled to 
the locking device. The first larger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

10 
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According to another aspect of the present invention, a method for radially expanding 
and plastically deforniing an expandable tubular member within a borehole is provided 
that includes positioning first and second adjustable expansion mandrels within the 
5 expandable tubular member, supporting the expandable tubular member and the first 
and second adjustable expansion mandrels within the borehole, lowering the first 
adjustable expansion mandrel out of the expandable tubulsir member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
10 radially expand and plastically defomd a lower portion of the expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the expandable tubular member, decreasing 
the outside dimension of the first adjustable expansion mandrel and Increasing the 
outside dimension of the second adjustable expansion mandrel, and displacing the 
15 second adjustable expansion mandrel upwardly relative to the expandable tubular 
member to radially expand and plastically defonn portions of the expandable tubular 
member above the lower portion of the expandable tubular member. The outside 
dimc sion of the first adjustable expansion mandrel 1' greater than the outside 
dimension of the second adjustable expansion mandrel. 

20 

According to another aspect of the present invention, a method for fonning a mono 
diameter wellbore casing is provided that includes positioning first and second 
adjustable expansion mandrels within a first expandable tubular member, supporting 
the first expandable tubular member and the first and second adjustable expansion 

25 mandrels within a borehole, lowering the first adjustable expansion mandrel out of the 
first expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
upwardly relative to the first expandable tubular member to radially expand and 
plastically defonn a lower portion of the first expandable tubular member, displacing the 

30 first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the first expandable tubular member, decreasing the outside 
dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to ttie first expandable tubular member 

11 
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to radially expand and plastically defonn portions of the first expandable tubular 
member above the lower portion of the expandable tubular member, positioning first 
and second adjustable expansion mandrels within a second expandable tubular 
member supporting the first expandable tubular member and the first and second 
5 adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member, lowering the first adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
upwardly relative to the second expandable tubular member to radially expand and 

10 plastically deform a lower portion of the second expandable tubular member, displacing 
the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the second expandable tubular member, decreasing the outside 
dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, and displacing the second 

15 adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform portions of the second expandable 
tubular member above the lower portion of the second expandable tubular member. 
The outside d tension of the first adjustable expansion mandrel greater than the 
outside dimension of the second adjustable expansion mandrel. 

20 

According to another aspect of the present invention, an apparatus for radially 
expanding and plastically defomiing an expandable tubular member is provided that 
includes a float shoe adapted to mate vwth an end of the expandable tubular member, a 
first adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

25 expanded to a first larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a first smaller outside dimension, a second adjustable 
expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a second smaller outside dimension, an 

30 actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels relative to the 
expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, a support member coupled to the 
locking device, and a sealing member for sealingly engaging the expandable tubular 

12 
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adapted to define a pressure chamber above the first and second adjustable expansion 
nnandrels during the radial expansion of the expandable tubular member. The first 
larger outs<de dimension of the first adjustable expansion mandrel is larger than the 
second larger outside dimension of the second adjustable expansion mandrel. 

5 

According to another aspect of the present invention, a method for radially expanding 
and plastically defonming an expandable tubular member within a borehole is provided 
that includes positioning first and second adjustable expansion mandrels within the 
expandable tubular member, supporting the expandable tubular member and the first 
and second adjustable expansion mandrels within the borehole, lowenng the first 
adjustable expansion mandrel out of the expandable tubular member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically defonn a lower portion of the expandable tubular 
15 member, pressurizing an interior region of the expandable tubular member above the 
first adjustable expansion mandrel during the radial expansion of the lower portion of 
the expandable tubular member by the first adjustable expansion mandrel, displacing 
the first adjustable expi«ision mandrel and the second adjustable expansion -mandrel 
dovmwardly relative to the expandable tubular member, decreasing the outside 
20 dimension of the first adjustable expansion mandrel and Increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically defonn portions of the expandable tubular member 
above the lower portion of the expandable tubular member, and pressurizing an Intenor 
25 region of the expandable tubular member above the second adjustable expansion 
mandrel during the radial expansion of the portions of the expandable tubular member 
above the jower portion of the expandable tubular member by the second adjustable 
expansion mandrel. The outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 



30 



According to another aspect of the present invention, a method for forming a mono 
diameter welibore casing Is provided that includes positioning first and second 
adjustable expansion mandrels within a first expandable tubular member, supporting 
the first expandable tubular member and the first and second adjustable expansion 
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mandrels within a borehole, lowering the first adjustatHe expansion mandrel out of the 
first expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
upwardly relative to the first expandable tubular member to radially expand and 
5 plastically defonn a lower portion of the first expandable tubular member, pressurizing 
an interior region of the first expandable tubular member above the first adjustable 
expansion mandrel during the radial expansion of tfie rower portion of the first 
expandable tubular member by the first adjustable expansion mandrel, displaang the 
first adjustable expansion mandrel and the second adjustable expansion marKlrel 
10 downwardly relative to the first expandable tubular member, decreasing the outside 
dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjusUible expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 
to radially expand and plastically defonn portions of the first expandable tubular 
15 member above the lower portion of the expandable tubular member, pressurizing an 
interior region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial sxpanslon of the portions of the first expandable 
tubular member above the lower . ortlon of the first expandable tubular member by the 
second adjustable expansion mandrel, positioning first and second adjustable 
20 expansion mandrels within a second expandable tubular member, supporting the first 
expandable tubular member and the first and second adjustable expansion mandrels 
vwthin the borehole in overiapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel. 
25 displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically defonn a lower portion of 
the second expandable tubular member, pressurizing an interior region of the second 
expandable tubular member above the first adjustable expansion mandrel dunng the 
radial expansion of the lower portion of the second expandable tubular member by the 
30 first adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
and the second adjustable expansion mandrel downwardly relative to the second 
expandable tubular member, decreasing the outside dimension of the first adjustable 
expansion mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel, displacing the second adjustable expar>sion mandrel upwardly 
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relative to the second expandable tut)ular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of 
the second expandable tubular member, and pressurizing an Interior region of the 
second expandable tubular member above the second adjustable expansion mandrel 
during the radial expansion of the portions of the second expandable tubular member 
above the kxwer portion of the second expandable tubular member by the second 
adjustable expansion mandrel. The outside dimension of the first adjustable expansion 
mandrel is greater than the outside dimension of the second adjustable expansion 
mandrel. 

According to another aspect of the present invention, an apparatus for radially 
expanding and plastically defonning an expandable tubular member is provided that 
includes a support member, a locking device coupled to the support member and 
releasably coupled to the expandable tubular member, an adjustable expansion 
mandrel adapted to be controllably expanded to a larger outside dimension for radial 
expansion and plastic defonnation of the expandable tubular member or collapsed to a 
smaller outside dimension; and an actuator coupled to the locking member and the 
adjustable expansion mandrel adapted to rsplace the adjustable expansion mandrel 
upwardly through the expandable tubular member to radially expand and plastically 
defomt the expandable tubular member. 



According to another aspect of the present invention, a method for radially expanding 
and plastically defonning an expandable tubular member within a borehole is provided 
that includes supporting the expandable tubular member, an hydrauBc actuator, and an 
adjustable expansion mandrel within the borehole, increasing the size of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member using the hydraulic actuator to radially expand and 
plastically deforni a portion of the expandable tubular member. 

According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing within a borehole that includes a preexisting wellbore casing 
is provided that includes supporting the expandable tubular member, an hydraulic 
actuator, and an adjustable expansion mandrel within the borehole, increasing the size 
of the adjustable expansion mandrel, displadng ttie adjustable expansion mandrel 
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upwardly relative to the expandable tubular member using the hydraulic actuator to 
radially expand and plastically defomn a portion of the expandable tubular member, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member to radially expand and plastically defonn the remaining portaon of the 
5 expandable tubular member and a portion of the preexisting weDbore casing that 
overlaps with an end of the remaining portion of the expandable tubular member. 

Brief Description of the Drawings 

10 Fig. 1 is a fragmentary cross-sectional illustration of the placement of an embodiment 
of an apparatus for radially expanding and plastically defomiing a tubular member 
within a preexisting structure! 

Fig. 2 is a fragmentary cross-sectional illustration of apparatus of Fig. 1 after displacing 
1 5 the adjustable expansion mandrel and the float shoe downwardly out of the end of the 
expandable tubular member. 

Fig . 3 IS a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after 
e xpanding the adjustable expansion mandrel. 

20 Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform the expandable tubular member. 

Fig. 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after 
25 displadng the actuator, locking device, and tubular support member upwardly relative 
to the adjustable expansion mandrel and the expandable tubular member. 

F^. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
30 deform the expandable tubular member. 

Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that 
include one or more cup seals positioned above the adjustable expansion mandrel for 
defining an annular pressure chamber above the adjustable expansion mandrel. 

16 
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Fig 7 is a fragmentary cross-sectional Illustration of the placement of an embodiment 
of an apparatus for drilling a borehole and radially expanding and plastically defomiing 
a tutHilar meml)er within the drilled borehole. 

5 

Fig. 8 Is a fragmentary cross-sectional illustration of the apparatus of Fig. 7 after 
pivoting the drilling elements of the dnlilng member radially inwardly. 

Fig 9 is a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing 
10 the adjustable expansion mandrel and drilling member downwardly out of the end of 
the expandable tubular member. 

Fig. 10 is a fragmentary cross-sectional Illustration of the apparatus of Fig: 9 after 
expanding the adjustable expansion mandrel. 

15 

Fig. 11 Is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
deform tl- -i expandable tubular member. 

20 Fig. 12 is a fragmentary cross-sectional iUustration of the apparatus of Fig. 11 after 
displacing the actuator, locking device, and tubular support member upwardly relative 
to the adjustable expansion mandrel and the expandable tubular member. 

Fig. 13 is a fragmentary cross-sectional illustration of the apparatus of Fig. 12 after 
25 displacing the adjustable expansion mandrel upwardly to radially expand and plastically 
defomt the expandable tubular member. 

Fig. 14 is a fragmentary cross-sectional Illustration of the placement of an embodiment 
of an apparatus for radially expanding and plastically defomiing a tubular member 
30 within a preexisting stnicture. 

Rg. 15 is a fragmentary cross-sectional illustration of the apparatus of Fig. 14 after 
displacing the lower adjustable expansion mandrel and float shoe downwardly out of 
the end of the expandable tubular member. 

17 
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Fig 16 is a fragmentary cross-sectional illustration of the apparatus of Fig. 15 after 
expanding the lower adjustat>le expansion mandrel. 

Fig 17 is a fragrnentary cross-sectional illustration of the apparatus of Fig. 16 after 
displacing the lower adjustable expansion mandrel upwardly to radially expand and 
plastically defonn the expandable tubular member. 

Fig. 18 is a fragmentary cross-sectional illustration of the apparatus of Fig. 17 after 
displacing the upper and lower adjustable expansion mandrels downwardly relative to 
the expandable tubular member. 

Fig. 19 is a firagmentary cross-sectional illustration of the apparatus of Fig 18 after 
collapsing the lower adjustable expansion mandrel and expanding the upper adjustable 
expansion mandrel. 

Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fiq. 19 after 
displacing the up|;«er adjustable expansion mandrel upwardly to radial'* expand and 
plastically defonn the expandable tubular member. 

Fig. 21 is a firagmentary cross-sectional illustration of the apparatus of Fig. 20 after 
displacing the tubular support member, the locking device, and the actuator upwardly 
relative to the upper adjustable expansion mandrel and the expandable tubular 
member. 

Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig. 21 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and 
plastically deform the expandable tubular member. 

Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing 
formed using one or more of the apparatus of Figs. 1-22. 
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Figs. 24a-24k are fragmentary cross sectional illustrations of the placement of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
defonning a tubular member within a wellbore that traverses a subten-anean formation. 

5 Fig. 25»-25f are fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 24a-24k. 

Fig. 25g is a perspective illustration of a float shoe tocidng dog. 

10 Fig 25h is a fragmentary cross sectional illustration of the design and operation of the 
casing gripper lodging dogs. 

Figs. 26a-26lc are flragmenteiry cross sectional illustrations of the apparatus of Figs. 
24a-24k after expanding the expansion cone assembly. 

15 

Figs. 27a-27b are a fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the^pparatus of Figs. 26a-26k. 

Figs. 28a-28j are firagmentary cross sectional illustrations of the apparatus of Figs. 26a- 
20 26k during the upward displacement of the expansion cone assembly by the actuators 
to radially expand and plastically defonn a portion of the casing. 

Figs. 29a-29m are fragmentary cross sectwnal illustrations of the apparatus of Figs. 
28a-28j after the collapse of the expansran cone assembly. 

25 

Fig. 30a-30c are firagmentary cross secttonal illustrations of ttie process for collapsing 
the expansion cone assembly of the apparatus of Figs. 29a-29m. 

Figs 31a-31n are fragmentary cross sectronal illustrations of the apparatus of Figs. 
30 29a-29m after the plastic defomnation and radial expansion of the sealing sleeve and 
the disengagement of the casing from the locking dogs of the casing lock assembly. 
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Figs. 32a-32k are fragmentary cross sectional illustrations of the apparatus of Figs. 
31a-31n after setting doivn the apparatus onto the bottom of the welibore to open the 
bypass valve in the shoe and expand the expansion cone assembly. 

5 Figs. 33a-33p are fragmentary cross sectional Illustrations of the apparatus of Figs. 
32a-32k during the radial expansion and plastic defonnation of the casing. 

Figs. 34a-341 are fragmentary cross sectional illustrations of the apparatus of Figs. 33a- 
33p during the radial expansion and plastic defonnation of a portion of the casing that 
10 overiaps within a preexisting welibore casing within the welibore. 

Figs. 35a-35l are fragmentary cross sectional illustrations of the apparatus of Figs. 28a- 
28j dunng the emergency collapse of the expansion cone assembly. 

15 Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary 
embodiments of the operation of the pressure balance piston. 

Detailed Description 'tfthe Illustrative Embodintents 

20 Referring to Fig. 1, an exemplary embodiment of an apparatus 10 for radially 
expanding and plastically defonming a tubular member 12 includes a tubular support 
member 14 that extends into the tubular member that is coupled to an end of a locking 
device 16 for controllably engaging the tubular member. Another end of the locking 
device 16 is coupled to a tubular support member 18 that is coupled to an end of an 

25 actuator 20. Another end of the actuator 20 is coupled to a tubular support member 22 
that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding 
and plastically defonning the tubular member 12.. Another end of the adjustable 
expansion mandrel 24 is coupled to a tubular support member 26 that is coupled to an 
end of a ftoat shoe 28 that mates with and is at least partially received within a lower 

30 end of the tubular member 12. In an exemplary embodiment, the locking device 16, 
the tubular support member 18. the actuator 20. the tubular support member 22. the 
adjustable expansion mandrel 24. and the tubular support member 26 are positioned 
within the tubular member 12. 
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In an exemplary embodiment, the tubular member 12 includes one or more solid and/or 
slotted tubular members, and one or more of the solid and/or slotted tubular members 
include resilient sealing members coupled to the exterior surfaces of the sdid and/or 
slotted tubular members for engaging the welibore 30 and/or one or more preexisting 
wellbore casings coupled to the welibore. In an exemplary embodiment, the tubular 
support members, 14, 18, 22, and 26 define con-esponding passages, that may or may 
not be valveable, for conveying fluidic matenals into and/or through the apparatus 10. 

In an exemplary embodiment, the locking device 16 includes one or more conventional 
controllable locking devices such as, for example, sfips and/or dogs for controllably 
engaging the tubular member 12. In an exemplary embodiment, the locking device 16 
is controlled by injecting fluidic materials into the locking device. 

In an exemplary embodiment, the actuator 20 is a conventwnal actuator that is adapted 
15 to displaced the adjustable expansion mandrel 24 and float shoe 28 upwardly or 
downwardly relative to the actuator. 

In an exemplary embodiment, the adjustable e> • tension mandrel 24 is a conventional 
adjustable expansion mandrel that may be expanded to a larger outside dimenston or 

20 collapsed to a smaller outside dimension and includes external surfaces for engaging 
the tubular member 12 to thereby radially expand and plastically defonn the tubular 
member when the adjustable expanston mandrel is expanded to the larger outside 
dimension. In an alternative embodiment, the adjustable expansion mandrel 24 may 
Include a rotary adjustable expansion device such as. for example, the commercially 

25 available rotary expansion devices of Weatherford International, Inc. In several 
altemative embodiments, the cross sectional profile of the adjustable expansion 
mandrel 24 for radial expansion operations may. for example, be an n-sided shape, 
where n may vary from 2 to infinity, and the side shapes may include straight line 
segments, arcuate segments, parabolic segments, and/or hyperbolic segments. In 

30 several altemative embodiments, the cross sectional profile of the adju^ble 
expansion mandrel 24 may, for example, be circular, oval, elliptical, and/or 
multifaceted. 



In an exemplary embodiment, the float shoe 28 is a conventional float shoe. 

21 
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In an exemplary embodiment, the apparatus 10 is positionecl within a preexisting 
structure 30 such as, for example, a wellt)ore that traverses a sutiterranean formation 
32. The wellt>ore 30 may have any onentation from vertical to horizontal. In several 
5 exemplary embodiments, the weilbore 30 may iriclude one or more preexisting solid 
and/or slotted and/or perforated weilbore casings that may or may not overlap with one 
another within the weilbore. 

As illustrated in Fig. 2, the adjustable expansion mandrel 24 and the float stioe 28 are 
10 then displaced downwardly out of the tubular member 12 by the actuator 20. During 
the downward displacement of the adjustable expansion mandrel 24 and the float shoe 
28 out of the tubular member 12, the tubular member is maintained in a stationary 
position relative to the tubular support member 14 by the locking device 16. 

15 As illustrated in Fig. 3, the adjustable expansion mandrel 24 is then expanded to the 
larger dimension. In several aKemative embodiments, the adjustable expansion 
mandrel 24 may be expanded to the larger dimension by, for example, injecting a 
fluid', material into the adjustable expansion mandrel a«j/or by impacting the float 
shoe 28 on the bottom of the weHbore 30. After expanding the adjustable expansion 

20 mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the 
adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hyperbolic surfeces for radially expanding and plastically deforming the 
tubular member 12. In an exemplary embodiment, the expansion surfaces 24a also 
include means for lubricating the interface between the expansion surfaces and the 

25 tubular member 12 during the radial expansion and plastic defonnation of the tubular 
member 

As illustrated in Fig. 4, ttte adjustsMe expansion mandrel 24 is then displaced upwardly 
by the actuator 20 to thereby radially expand and plastically defomi a portion of the 
30 tubular member 12. In an exemplary embodiment, during the upward displacement of 
the adjustable expansion mandrel 24, the tubular member 12 Is maintained in a 
stationary position relative to the tubular support n»mber 14 by the locking device 16. 
In an exemplary embodiment, flie tubular member 12 is radially expanded and 
plasUcally defomned Into engagement with the vrallbore 30 and/or one or iriorB 

22 
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preexisting weitbore casings coupled to the wellbore 30. In an exemplary embodiment, 
the interface between the expansion surfaces 24a of the adjustable expansion mandrel 
24 and the tubular member 12 is not fluid tight in order to fadlitate the lubrication of the 
interface between the expansion surface of the adjustable expansion mandrel and the 
5. tubular member. 

As illustrated in Fig. 5. the locking device 16 is then disengaged from the tubular 
member 12. and the tubular member 12 is supported by the adjustable exparision 
mandrel 24. The tubular support member 14, the locking device 16. the tubular support 
10 member 18, and the actuator 20 are then displaced upwardly relative to the adjustable 
expansion mandrel 24. 

As illustrated in Fig. 6. the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support 
5 member 14, and the adjustable expansion mandrel 24 is displaced upwardly relative by 
the actuator 20 to radially expand and plastk»lly defonn another portion of the tubular 
member. 

4 

t 

In an exemplary embodiment, the operations of Figs. 5 and 6 are then repeated until 
the entire length of the tubular member 12 is radially expanded and plastically 
defbnmed by the adjustable expansion mandrel 24. In several alternative 
embodiments, the adjustable expansion mandrel 24 may be collapsed to the smaller 
dimension prior to the further, or complete, radial expansion and plastic deformation of 
the tubular member 12. 



In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 10 further 
includes one or more cup seals 34 that are coupled to the tubular support member 22 
and engage the tubular member 12 to define an annular chamber 36 above the 
adjustable expansion cone 24. aiid fluldic materials 38 are injected Into the tubular 
member 12 through passages defined within the tubular support member 14. the 
locking device 16. the tubular support member 18. the actuator 20. the tubular support 
member 22. the adjustable expansion mandrel 24, the tubular support member 26, and 
the float shoe 28 to thereby pressurize the annular chamber 36. In this manner, the 
resulting pressure differential created across the cup seals 34 causes the cup seals to 
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pull the adjustable expansion mandrel 24 upwardly to radially expand and plastically 
deforni the tutelar member 12. In several alternative embodiments, the Injection of the 
fluidic material 38 into the tubular member 12 is provided In combination with, or in the 
alternative to, the upward displacement of the expansion mandrel 24 by the actuator 
5 20. In several alternative embodiments, during the injection of the fluidic material 38, 
the locking device 16 is disengaged from the tubular member 12. 

Refening to Fig. 7, an altemative embodiment of an apparatus 100 for radially 
expanding and plastically defomiing the tubular member 12 Is substantially Identical in 

10 design and operation to the apparatus 10 with the addition of one or more conventional 
drilling members 40a-40b that are pivotally coupled to the float shoe 28. During 
operation of the apparatus 100. the drilling members 40a-40b may be operated to 
extend the length and/or diameter of the wellbore 30, for example, by rotating the 
apparatus and/or by injecting fluidic materials into the apparatus to operate the drilling 

15 members. 



As illustrated in Fig. 7, in an exemplary embodiment, the apparatus 100 is irtially 
positioned within the pn «3xisting structure 30. 

As iUustrated in Fig. 8. in an exemplary embodiment, the drilling members 40a-40b may 
then be pivoted inwardly in a conventional manner. 

As illustrated in Fig. 9 the adjustable expansion mandrel 24. the float shoe 28. and the 
drilling members 40a-40b are then displaced downwardly out of the tubular member 12 
by the actuator 20. During the downward displacement of the adjustable expansion 
mandrel 24, the float shoe 28. and the drilling members 40a-40b out of the tubular 
member 12, the tubular member is maintained in a stationary position relative to the 
tubular support member 14 by the locking device 16. 

As Illustrated in Fig. 10, the adjustable expansion mandrel 24 is then expanded to the 
larger dimension. In several altemative embodiments, the adjustable expansion 
mandrel 24 may be expanded to the larger dimension by. for example, injecting a 
fluidic material into the adjustable expansion mandrel and/or by impacting the drilling 
members 40a^0b on the bottom of the wellbore 30. After expanding the adjustable 
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expansion mandrel 24 to the larger dimension, expansion surfaces 24a are defined on 
the adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hypert)olic surfaces for radially expanding and plastically defomiing the 
tubular member 12 In an exemplary embodiment, the expansion surfaces 24a also 
5 include means for lubricating the interface between the expansion surfaces and the 
tubular member 12 during the radial expansion and plastic defonnatton of the tubular 
member. 

As illustrated in Fig. 11, the adjustable expansion mandrel 24 is then displaced 
10 upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 
of the tubular member 12. In an exemplary embodiment, during the upward 
displacement of the adjustable expansion mandrel 24. the tubular member 12 is 
maintained in a stationary position relative to the tubular support member 14 by the 
locking device 16. In an exemplary embodiment, the tubular, member 12 is radially 

1 5 expanded and plastically deformed into engagement with the wellbore 30 and/or one or 
more preexisting wellbore casings coupled to the wellbore 30. In an exemplary 
embodiment, the interface between the expansion surfaces 24a of the adjustable 
expansion mandrel 24 and the tu ular member 12 Is not fluid tight in order to facilitate 
the lubrication of the interface between the expansion surface of the adjustable 

20 expansion mandrel and the tubular member. 

As illustrated in Fig. 12, the locldng device 16 is then disengaged from the tubular 
member 12, and the tubular member 12 is supported by the adjustable expansion 
mandrel 24. The tubular support member 14. the locking device 16. the tubular support 
25 member 18, and the actuator 20 are then displaced upwardly relative to the adjustable 
expansion mandrel 24. 

As illustrated in Fig. 13. the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support 
30 member 14, and the adjustable expansion mandrel 24 is displaced upwardly relative by 
the actuator 20 to radially expand and plastically deform another portion of the tubular 
member. 
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In an exemplary embodiment, the operations of Figs. 12 and 13 are then repeated until 
the entire length of the tubular member 12 is radially expanded and plastically 
defonned by the adjustable expansion mandrel 24. In several altemative 
embodiments, the adjustable expansion mandrel 24 may be collapsed to the smaller 
5 dimension pHor to the further, or complete, radial expansion and plasbc defonnation of 
the tubular member 12. 

Referring to 14, an altemative embodiment of -an apparatus 200 for radially 
expanding and plastically deforming the tubular member 12 is substantially identical in 

0 design and operation to the apparatus 10 except that the adjustable expansion mandrel 
24 has been replaced by an upper adjustable expansion mandrel 202 that is coupled to 
the tubular support member 22, a tubular support member 204 that is coupled to the 
upper adjustable expansion mandrel, and a lower adjustable expansion mandrel 206 
that is coupled to the tukMilar support member 204 and the tubular support member 26.. 

The upper and lower adjustable expansion mandrels. 202 and 206. may be 
conventional adjustable expansion mandrels that may be expanded to larger outside 
dimensions or collapsed to smaller outside dimensions and include external surfaces 
for engaging the tubular member 12 to thereby radially expand and plastically deform 

1 the tubular member when the adjustable expansion mandrels are expanded to the 
larger outside dimensions. In an altemative embodiment, the upper and/or lower 
adjustable expansion mandrels, 202 and 206, may include rotary adjustable expansion 
devices such .as, for example, the commercially available rotary expansion devices of 
Weatherford International, Inc. In an exemplary embodiment the tubular support 
number 204 defines a passage, that may. or may not, be valveable. for conveying 
fluidic materials into ^nd/or through the apparatus 200. In several altemative 
embodiments, the cross sectional profiles of the adjustable expansion mandrels. 202 
and 206. for radial expansion operations may, for example, be n-sided shapes, where n 
may vary from 2 to Infinity, and the side shapes may include straight line segments, 
arcuate segments, parabolic segments, and/or hypertwilc segments In several 
altemative embodiments, the cross sectional profiles of the adjustable expansion 
mandrels. 202 and 206, may, for example, be circular, oval, elliptical, and/or 
multifaceted. 

26 



257818812 P101584GB07 

As illustrated In Fig. 14, in an exemplary embodiment, the apparatus 200 is initially 
positioned within the preexisting structure 30 

As illustrated in Fig. 15, the lower adjustable expansion mandrel 206 and the float shoe 
28 are then displaped downwardly out of the tubular member 12 by the actuator 20. 
During the downward displacement of the lower adjustable expansion mandrel 206 and 
the float shoe 28 out of the tubular member 12, the tubular member is maintained in a 
stationary position relative to the tubular support member 14 by the locking device 16. 

As illustrated in Fig. 16, the lower adjustable expansion mandrel 206 is then expanded 
to the larger dimension. In several alternative embodiments, the lower adjustable 
expansion mandrel 206 may be expanded to the larger dimension by, for example, 
Injecting a fluidic material into the lower adjustable expansion mandrel and/or by 
impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the 
lower adjustable expansion mandrel 206 to the larger dimension, expansion surfaces 
206a are defined on the lower adjustable exparision mandrel that may include, for 
exr.Tiple, conical, spherical, elliptical, and/or hypertwlic surfaces for radially expanding 
and plastically defomiing the tubular member 12. I • an exemplary embodiment, the 
expansion surfaces 206a also include means for lubricating the interface between the 
expansion surfaces and the tubular member 12 during the radial expansion and plastic 
deformation of the tut}ular member. 

As illustrated in Fig. 17, the lower adjustable expansion mandrel 206 is then displaced 
upwardly by the actuator 20 to thereby radially expand and plastically defomi a portion 
12a of the tubular member 12. In an exemplary embodiment, during the upward 
displacement of the lower adjustable expansion nwindrel 206, ttie tubular member 12 is 
maintained In a stationary position relative to the tubular support member 14 by the 
locking devne 16. In an exemplary ertibodiment, the tubular member 12 is radially 
expanded and plastically deformed into engagement witti the vt^llbore 30 and/or one or 
more preexisting wellbore casings coupled to the wellbore 30. In an exemplary 
embodiment, the interface between the expansion surfaces 206a of the lower 
adjustable expansion mandrel 206 and the tubular member 12 Is not fluM tight in order 
to facilitate tiie lubrication of the interbce between the expansion surface of the lower 
adjustable expansion mandrel and the tubular member. In an exemplary embodiment, 
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the expansion surfaces 206a also indude means for lubricatang the interface between 
the expansion surfeces and the tubular member 12 dunng the radial expansion and 
plastic defonnation of the tubular member. 

5 As illustrated In Fig. 18, the upper and \ower adjustable expansion mandrels. 202 and 
206, and the float shoe 28 are then displaced downwardly by the actuator 20. During 
the downward displacement of the upper and lower adjustable expansion mandrels, 
202 and 206, and the float shoe 28, the tubular member is maintained in a stationary 
position relative to the tubular support member 14 by the locking device 16. 

10 

As illustrated in Fig. 19, the upper adjustable expansion mandrel 202 is then expanded 
to the lai^er dimension and the lower adjustable expansion mandrel 206 is collapsed to 
the smaller dimension In an exemplary embodiment, the larger dimension of the 
upper adjustable expansion mandrel 202 is less than the larger dimension of the lower 
5 adjustable expansion mandrel 206. In several altemativis embodiments, the upper 
adjustable expansion mandrel 202 may be expanded to the larger dimension and the 
lower adjustable expansion mandrel 206 may be collapsed to the smaller dimension 
by, for example, injecting fluidic material Into the upper and/T adjustable expansion 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After 
expanding the upper adjustable expansion mandrel 202 to the larger dimension, 
expansion surfaces 202a are defined on the upper adjustable expansion mandrel that 
may include, for example, conical, spherical. elUptical, and/or hyperbolic surfaces for 
radially expanding and plastically defonning the tubular member 12. In an exemplary 
embodiment, the expansion surfaces 202a also include means for lubricating the 
interface between the expansion surfaces and the tubular member 12 during the radial 
expansion and plastic defonmation of the tubular member. 

As Illustrated in Fig. 20, the upper adjustable expansion mandrel 202 is then displaced 
upwardly by the actuator 20 to thereby radially expand and plastically defomi a portion 
12b of the tubular member 12 above the portion 12a of the tubular member. In an 
exemplary embodiment, the inside diameter of the radially expanded and plastically 
deformed portion 12a of the tubular member 12 is greater than the inside diameter of 
the radially expanded and plastically deformed portion 12b of the tubular member. In 
an exemplary embodiment, during the upward displacement of the upper adjustable 
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expansion mandrel 202. the tubular member 12 is maintained In a stationary position 
relative to the tubular support member 14 by the locking device 16. In an exemplary 
embodiment, the tubular member 12 is radially expanded and plastically defonned Into 
engagement with the wellbore 30 and/or one or more preexisting wellt}ore casings 
coupled to the wellbore 30. In an exemplary embodiment, the interface between the 
expansion surfaces 202a of the upper adjustable expansion mandrel 202 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface 
between the expansion surface of the upper adjustable expansion mandrel and the 
tubular member. 



As illustrated in Fig. 21, the locking device 16 is then disengaged from the tubular 
member 12, and the tubular member 12 is supported by the upper adjustable 
expansion mandrel 202 The tubular support member 14, the locking device 16. the 
tubular support member 18, and the actuator 20 are then displaced upwardly relative to 
5 the upper adjustable expansion mandrel 202 and the tubular member 1 2. 

As illustrated in Fig. 22, the locking device 16 then engages the tubular member 12 to 
maintain the tubul-r member in a stationary position relative to the tioular support 
member 14. and the upper adjustable expansion mandrel 202 is displaced upwardly 
relative by the actuator 20 to radially expand and plastically defomi the portion 12b of 
the tubular member. 

In an exemplary embodiment, the operations of Figs. 21 and 22 are then repeated until 
the remaining length of the portion 12b of the tubular member 12 is radially expanded 
and plastically deformed by the upper adjustable expansran mandrel 202. In several 
aKemative embodiments, the upper adjustable expansion mandrel 202 may be 
collapsed to the smaller dimension prior to the ftjrther, or complete, radial expansion 
and plastic defonnation of the tubular member 12. 

Refem'ng to Fig. 23. in an exemplary embodiment, the method and apparatus of one or 
more of Figs. 1-22 are repeated to provide a mono diameter wellbore casing 300 within 
a borehole 302 that traverses a subterranean fbrniation 304 by successively 
overiapping and radially expanding and plastically defonning wellbore casing 306a- 
306d within the wellbore. In this manner, a wellbore casing 300 is provided that 
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defines an interior passage having a substanb'aliy constant cross sectional area 
throughout its length. In several alternative embodiments, the cross section of the 
welll)ofe casing 300 may be, for example, square, rectangular, elliptical, oval, circular 
and/or faceted. 

5 

Referring to Figs. 24a-24k. an exemplary embodiment of an apparatus 400 for radially 
expanding and plastically defomnlng a tubular member includes a tubular support 
member 402 that defines a longitudinal passage 402a that is thr©adably coupled to and 
received within an end of a tool joint adaptor 404 that defines a longitudinal passage 
1 0 404a and radial passages 404b and 404c. 

The other end of the tool joint adaptor 404 receives and is threadably coupled to an 
end of a gripper upper mandrel 406 that defines a longitudinal passage 406a, external 
radial mounting holes, 406b and 406c, an external annular recess 406d, an extemal 

15 annular recess 406e. hydraulic port 406f, an internal annular recess 406g. hydraulic 
port 406h, extemal radial mounting holes, 406i and 406j, and includes a flange 406k. 
and a flange 4061. Torstonal tocking pins, 408a and 408b, are coupled to the externa', 
radial mounting holes, 406b • nd 406c. respectively, of the gripper upper mandrel -^06 
and received wrthin the radial passages, 404b and 404c, respectively, of the tool joint 

20 adaptor 404. 

A spring retainer sleeve 410 that Includes a flange 410a receives and is threadably 
coupled to the gripper upper mandrel 406 between an end face of the tool joint adaptor 
404 and the flange 406k of the gripper upper mandrel. A bypass valve body 412 
25 receives and is movably coupled to the gripper upper mandrel 406 that defines radial 
passages, 412a and 412b, and an internal annular recess 412c includes a flange 41 2d. 

An end of a spring cover 414 receives and is movably coupled to the spring retainer 
sleeve 410 that defines an intemal annular recess 414a. The other end of the spring 
30 cover 414 receives and is tiireadably coupled to an end of the bypass valve body 412. 
A spring gukie 416, a spring 418, and a spring guide 420 are positioned within an 
annular chamber 422 defined between the spring cover 414 and the flange 406k of the 
gripper upper mandrel 406. Furthermore, an end of the spring guide 416 abuts an end 
face of the spring retainer sleeve 410. 
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Casing gripper locking dogs. 424a and 424b, are received and pivotaliy mounted within 
the radial passages, 412a and 412b, respectively, of the bypass valve body 412. An 
end of each of the casing gripper iocldng dogs, 424a and 424b, engage and are 
5 received within the cuter annular recess 406d of the gripper upper mandrel 406. An 
end of a debris trap 426 receives and is threadably coupled to an end of the bypass 
valve body 412, and the other end of the debris trap receives and is movaUy coupled 
to the flange 4061 of the gripper upper mandrel 406. 

10 An end of a gripper body 428 receives and is threadably coupled to an end of the 
gripper upper mandrel 406 that defines a longitudinal passage 428a, radial passages, 
428b and 428c, radial slip mounting passages. 428d-428m, and radial passages. 428n 
and 428o. includes a flange 428p 

15 Hydraulic slip pistons 432a-432j are movably mounted with the radial slip mounting 
passages 428d-428m, respectively, for movement in the radial direction. Retainere 
434a-434j are coupled to the exterior of the flange 428p of the gripper body 428 for 
limiting the oubward radial movemcrt of the hydraulic slip pistons 432a-432j, 
respectively, and springs 436a-436j are positioned within the radial slip mounting 

20 passages, 428d-428m, respectively, of the gripper body between the hydraulic slip 
pistons, 432a-43^. and the retainere, 434a-434j. respectively. During operation of the 
apparatus 400. pressurization of the radial slip mounting passages, 428d-428m, 
displaces the hydraulic slip pistons. 432a-432j, respectively, radially outwardly and 
compresses the springs, 436a-436j, resipectively. and during depressurization of the 

25 radial slip mounting passages, 428d-428m. springs, 436a-436j, respectively, displace 
the hydraulic slip pistons, 432a-432j. inwardly. In an exemplary embodiment, 
displacement of the hydraulic slip pistons 432a-432j radially outwardly pennits at least 
portions of the hydrauBc slip pistons to engage and grip an outer tubular member. 

30 Torsional locking pins. 438a and 438b, are coupled to the external radial mounting 
holes. 406i and 4061 respectively, of the gripper upper mandrel 406 and received 
within the radial passages. 428b and 428c. respectively, of the gnpper body 428. 



31 



25791 88.12 



P101584GBO7 



An end of a gripper body 440 receives and is threadably coupled to an end of the 
gripper body 428 that defines a longitudinal passage 440a, radial passages, 440b and 
440c. radial slip mounting passiages, 440d-440nf), and radial passages, 440n and 440o. 
includes a flange 440p. 

5 

Hydraulic slip pistons 442a-442j are movably mounted with the radial slip mounting 
passages 440d^0m. respectively, for movement in the radial direction. Retainers 
444a-444j are coupled to the exterior of the flange 440p of the gripper body 440 for 
limiting the outward radial movement of the hydraulic slip pistons 442a^2j. 

10 respectively, and springs 446a-44Q' are positioned within ttie radial slip mounting 
passages, 440d-440m. respectively, of the gripper body between the hydraulic slip 
pistons, 442a-442j. and the retainers, 444a-444j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages^ 440d-440m, 
displaces the hydraulic slip pistons. 442a-442j, respectively, radially outwardly and 

15 compresses the springs. 446a-446j. respectively, and during depressurization of the 
radial slip mounting passages, 440d-440m. ttie springs, 446a-446j. respectively, 
displace ttie hydraulic slip pistons, 442a-44^, rRdially inward. In an exemplary 
embodiment, displacement of the hydraulic sli( pistons 442a-442j radially outwardly 
permits at least portions of ttie hydraulic slip pistons to engage and grip an outer 

20 tubular member. 

Torsional locking pins. 448a and 448b, are coupled to ttie external radial mounting 
holes, 428n and 428o, respectively, of tiie gripper body 428 and received within the 
radial passages. 440b and 440c. respectively, of the gripper body 440. 

25 

An end of a tool joint adaptor 450 ttiat defines a longitudinal passage 450a. radial 
passages. 450b and 450c. and an inner annular recess 450d, receives and is 
threadably coupled to an end of ttie gripper body 440. Torsional locking pins, 452a and 
452b. are coupled to the external radial mounting holes, 440n and 440o, respectively, 
30 of ttie gripper body 428 and received wittiin ttie radial passages. 450b and 450c. 
respectively, of the tool joint adaptor 450. 

A bypass tube 454 that defines a longitudinal passage 454a is received wittim the 
longitudinal passages, 406a. 428a, 440a, and 450a. of ttie gripper upper mandrel 406. 
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the gripper body 428. the gripper bo6y 440. and the tool joint adaptor 450. respectively, 
is coupled to the recess 406g of the gripper upper mandrel at one end and is coupled 
to the recess 450d of the tool joint adaptor at the other end. 



5 An end of a cross over adaptor 456 that defines a longitudinal passage 456a receives 
and is threadably coupled to an end of the tool joint adaptor 450. The other end of the 
cross over adaptor 456 is received within and is coupled to an end of a tool joint 
adaptor 458 that defines a longitudinal passage 458a and external radial mounting 
holes. 458b and 458c. 

10 

An end of a positive casing lodging body 460 that defines a tapered longitudinal 
passage 460a and radial passages, 460b and 460c. receives and is threadably coupled 
to the other end of the tool joint adaptcM- 458. Torsional locking pins, 462a and 462b, 
are coupled to the external radial mounting holes, 458b and 468c, respectively, of the 
15 tool joint adaptor 458 and received within the radial passages, 460b and 460c, 
respectiveiy, of the positive casing locking body 460 

An -nd of a positive casing locking dog 464 mates wit*, is received vinthln. and is 
coupled to the other end of the positive casing tocking body 460 that includes internal 
20 flanges. 464a and 464b, and an external flange 464c. In an exemplary embodiment, 
the external flange 464c of the positive casing locking dog 464 includes an ribbed 
external suiface 464d that engages and locks onto a ribbed intemal surtece 466a of a 
positive casing locking collar 466. 

25 One end of the positive casing locking collar 466 is threadably coupled to a casing 468 
and the other end of the positive casing locking collar is threadably coupled to a casing 
470 that defines radial mounting holes. 470a and 470b. at a lower end thereof. In this 
manner, the casings. 468 and 470, are also engaged by and locked onto the positive 
casing locking dog 464. 

30 

The other end of the positive casing locking dog 464 mates with, is received within, and 
is coupled to an end of a positive casing locking body 472 that, defines a tapered 
longitudinal passage 472a and radial passages, 472b and 472c. The other end of the 
positive casing locking body 472 receives, mates with, and is coupled to an end of a 

33 



257918612 



P101S84GB07 



casing lock barrel adaptor 474 that defines external radial mounting holes, 474a and 
474b, and external radial mounting holes, 474c and 474d. Torsional locking pins, 475a 
and 476b, are coupled to the external radial mounting holes. 474a and 474b. 
respectively, of the casing lock barrel adaptor 474 and received within the radial 
5 passages. 472b and 472c. respectively, of the positive casing locking body 472. 

An end of a positive casing lock releasing mandrel 476 that defines a longitudinal 
passage 476a. an external annular recess 476b. an extemal annular recess 476c. an 
external annular recess 476d. and an extemal annular recessed end portion 476e, is 

0 received vwthin and movably coupled to an end of the tool joint adaptor 458. The 
middle portion of the positive casing lock releasing mandrel 476 is received within and 
mates with the internal flanges, 464a and 464b, of the positive casing locking dogs 
464 The other end of the positive casing lock releasing mandrel 476 is received 
within and is movably coupled to the end of the casing lock barrel adaptor 474, and the 

5 extemal annular recessed portion 476e of the positive casing tock releasing mandrel is 
threadably coupled to and received within an end of a positive casing lock lower 
mandrel 478 that defines a longitudinal passage 478a, extemal radial mounting holes, 
478b and 478 • and an extemal annular recessed end portion 478d. ' 

> A shear pin ring 480 that defines radial passages, 480a and 480b. receives and mates 
with the positive casing took lovrar mandreil 478. Shear pins, 482a and 482b. are 
coupled to the extemal radial mounting holes, 478b and 478c, respectively, of the 
positive casing lock lower mandrel 478 and are received within the radial passages. 
480a and 480b, respectively, of the shear pin nng 480. 

An end of an actuator barrel 484 that defines a longitudinal passage 484a, radial 
passages. 484b and 484c, and radial passages, 484ci "and 484e, is threadably coupled 
to an end of the casing lock barrel adaptor 474. Torsional locking pins, 486a and 486b, 
are coupled to the extemal radial mounting holes, 474c and 474d, respectively, of the 
casing lock barrel adaptor and are received within the radial passages. 484b and 484c. 
respectively, of the actuator barrel. 

The other end of the actuator barrel 484 is threadably coupled to an end of a barrel 
connector 486 that defines an internal annular recess 486a. external radial mounting 

34 



25791^8 12 



P101564GB07 



holes, 486b and 486c, radial passages, 486d and 486e, and external radial mounting 
holes, 486f and 486g. A sealing cartridge 488 is received within and coupled to the 
internal annular recess 486a of the barrel connector 486 for fluldidy sealing the 
interface between the barrel connector and the sealing cartridge. Torsional locking 
pins, 490a and 490b, are coupled to and mounted within the external radial mounting 
holes, 486b and 486c, respectively, of the barrel connector 486 and received within the 
radial passages, 484d and 484e, of the actuator barrel 484. 

The other end of the ban^ connector 486 is threadably coupled to an end of an 
actuator barrel 492 that defines a longitudinal passage 492a, radial passages, 492b 
and 492c, and radial passages. 492d and 492e. Torsional locking pins. 494a and 
494b, are coupled to and mounted within the external radial mounting holes, 486f and 
486g, respectively, of the barrel connector 486 and received within the radial passages, 
492b and 492c, of the actuator barrel 492. The other end of the actuator barrel 492 is 
threadably coupled to an end of a banrel connector 496 that defines an internal annular 
recess 496a, extemal radial mounting holes, 496b and .496c. radial passages, 496d 
and 496e, and extemal radial mounting holes, 496f and 496g. A sealing cartridge 498 
is received within and -soupled to the internal annular recess 496a of tl«j ban-el 
connector 496 for fluidicly sealing the interface between the ban-el connector and the 
sealing cartridge. Torskmal tocking pins, 500a and 500b, are coupled to and mounted 
within the extemal radial mounting hotes, 496b and 496c. respectively, of the barrel 
connector 496 and received within the radial passages, 492d and 492e, of the actuator 
barrel 492. 

The end of the barrel connector 496 is threadably coupled to an end of an actuator 
barrel 502 that defines a longitudinal passage 502a. radial passages. 502b and 502c. 
arid radial passages, 502d and 502e Torstonal locking pins, 504a and 504b. are 
coufried to and mounted within the extemal radial mounting holes. 496f and 496g, 
respectively, of the barrel connector 496 and received within the radial passages. 502b 
and 502c, of the actuator barrel 502. The other end of the actuator barrel 502 is 
threadably coupled to an end of a barrel connector 506 that defines an internal annular 
recess 506a, extemal radial mounting holes, 506b and 506c, radial passages, 506d 
and 506e, and extemal radial mounting holes, 506f and 506g. Toreional tocking pins. 
508a and 508b. are coupled to and mounted within the extemal radial mounting holes, 
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506b and 506c. respectively, of the t>arrel connector 506 and received within the radial 
passages. 502d and 502e. of the actuator bam\ 502. A sealing cartridge 510 is 
received within and coupled to the internal annular recess 506a of the barrel connector 
506 for fluidlcly sealing the interface between the barrel connector and the sealing 
5 cartridge. 

The other end of the barrel connector 506 is threadably coupled to an end of an 
actuator barrel 512 that defines a longitudinal passage 512a, radial passages, 512b 
and 512c. and radial passages. 512d arid 512e. Torsional locking pins. 514a and 
514b. are coupled to and mounted within the external radial mounting holes. 506f and 
506g. respectively, of the ban-el connector 506 and received within the radial passages, 
512b and 512c. of the actuator barrel 512. The other end of the actuator barrel 512 is 
threadably coupled to an end of a lower stop 516 that defines an internal annular 
recess 516a. external radial mounting holes. 516b and 516c. and an intemal annular 
recess 51 6d that includes one or more circumfBrentially spaced apart locking teeth 
516e at one end and one or more circumferentially spaced apart locking teeth 516f at 
the other end A sealing cartridge 518 is received within and coupled to the intemal 
annular recess 516a of the barrel connector 516 for fluidlcly sealing' the interface 
between the banel connector and the sealing cartridge. Torsional locking pins, 520a 
20 and 520b. are coupled to and mounted virfthin the external radial mounting holes, 516b 
and 516c. respectively> of the banel connector 516 and received within the radial 
passages. 512d and 512e. of the actuator barrel 512. 



30 



A connector tube 522 that defines a tongitudinal passage 522a is received within and 
seaiingly and movably engages the interior surface of the sealing cartridge 488 
mounted within the annular recess 486a of the barrel connector 486. In this manner, 
during longitudinal displacement of the connector tube 522 relative to the baael 
connector 486, a fluidic seal is maintained between the exterior surface of the 
connector tube and the interior surfece of the barrel connector. An end of the 
connector tube 522 is received within and is threadably coupled to an end of dartA>all 
guide 524 that defines a tapered passage 524a at the other end. 

The other end of the connector tube 522 is received within and threadably coupled to 
an end of a piston 526 that defines a longitudinal passage 526a and radial passages, 
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526b and 526c, that includes a flange 526d at one end. A sealing cartridge 528 is 
mounted onto and sealingly coupled to the extenor of the piston 526 proximate the 
flange 526d. The sealing cartridge 528 also mates with and sealingly engages the 
interior surface of the actuator banel 492. In this manner, during longitudinal 
5 displacement of the piston 526 relative to the actuator barrel 492. a fluidic seal is 
maintained between the exterior surface of the piston and the interior surface of the 
actuator barrel. 

The other end of the piston 526 receives and is threadably coupled to an end of a 
10 connector tube 529 that defines a longitudinal passage 528a. The connector tube 529 
is received withir) and sealingly and movably engages the interior surface of the sealing 
cartridge 498 mounted within the annular recess 496a of the banel connector 496. In 
this manner, during longitudinal displacement of the connector tube 529 relative to the 
banel connector 496, a fluidic seal is maintained between the exterior surface of the 
1 5 connector tube and tlie interior surface of the bannei connector. 

The other end of the connector .tube 529 is received within and threadably coupled to 
an end of a piston 530 that defines a longitudinal passage 530a and radial passe-jes, 
530b and 530c, that includes a flange 530d at one end. A sealing cartridge 532 is 

20 mounted onto and sealingly coupled to the exterior of the piston 530 proximate the 
. flange 530d. The sealing cartridge 532 also mates with and sealingly engages the 
interior surface of the actuator barrel 502. In this manner, during longitudinal 
displacement of the piston 530 relative to the actuator barrel 502. a fluidic seal is 
maintained between the exterior surface of the piston and the interior surface of the 

25 actuator barrel. 

. The other end of the piston 530 receives and is threadably coupled to an end of a 
connector tube 534 that defines a longitudinal passage 534a The connector tube 534 
is received within and sealingly and movably engages the interior surfece of the sealing 
30 cartridge 510 mounted within the annular recess 506a of the banel connector 506. In 
this manner, during longitudinal displacement of the connector tube 534 relative to the 
barrel connector 506, a fluidic seal is maintained between the exterior surface of the 
connector tube and the interior surface of the barrel connector. 
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The Other end of the connector tube 534 is received within and threadably coupled to 
an end of a piston 536 that deri(ies a longitudinal passage 536a. radial passages, 536b 
and 536c, and external radial mounting holes, 536d and 536e, that includes a flange 
536f at one end. A sealing cartridge 538 is mounted onto and sealingly coupled to the 
5 extenor of thejtiston 536 proximate the flange 536d. The sealing cartndge 538 also 
mates with and sealingly engages the interior surface of the actuator barrel 512. In this 
manner, dunng longitudinal displacement of the piston 536 relative to the actuator 
barrel 512, a fluidic seal is maintained between the exterior surface of the piston and 
the interior surface of the actuator barrel. 

10 

The other end of the piston 536 is received within and threadably coupled to an end of 
a lock nut 540 that defines racfial passages, 540a and 540b, and includes one or more 
drcumferentiatly spaced apart locking teeth 540c at the other end for engaging the 
circumferentially spaced apart locking teeth 516e of the lower stop 516. 

.15 

A threaded bushing 542 is received within and threadably coupled to the 
circumferentially spaced apart tocking te«th 540c of the lock nut 540. An end of a 
connector tube 544 that defines a longitudinal passage 544a is received within and is 
threadably coupled to the threaded bushing 542. A sealing sleeve 546 is received 

20 within and is threadably coupled to adjacent ends of the piston 536 and the connector 
tube 544 for fluidiciy sealing the interface between the end of the piston and the end of 
the connector tube. Toreional locking pins, 548a and 548b. are mounted within and 
coupled to the external radial mounting holes. 536d and 536e, respectively, of the 
piston 536 that are received within the radial passages, 540a and 540b, of the stop nut 

25 540. 

The connector tube 544 is received within and sealingly and movably engages the 
interior surface of the sealing cartndge 518 mounted within the annular recess 516a of 
the barrel connector 516. In this manner, during longitudinal displacement of the 
30 connector tube 544 relative to the barrel connector 516, a fluidic seal is maintained 
between the exterior surface of the connector tube and the interior surface of the barrel 
connector. 
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The other end of the connector tube 544 is received within and is threadably coupled to 
a threaded bushing 550. The threaded bushing 550 is received within and threadably 
coupled to a locit nut 552 that defines radial passages, 552a and 552b. and includes 
one or more arcumferentially spaced apart locking teeth 552c at one end for engaging 
5 thecircumferentiallyspacedapartlockingteeth5ief of the lower stop 516. The other 
end of the lock nut 552 receives and is threadably coupled to an end of tool joint 
adaptor 554 that defines a tongitudinal passage 554a. external radial mounting holes. 
554b and 554c. Torsional locking pins. 556a and 556b. are mounted within and 
coupled to the external radial mounting holes. 554b and 554c. respectively, of the tool 
10 joint adaptor 554 that are received within the radial passages. 552a and 552b, of the 
stop nut 552. A sealing sleeve 558 is received within and is threadably coupled to 
adj^feent ends of the connector tube 544 and the tool joint adaptor 554 for fluidicly 
sealir^ the interface between the end of the connector tube and the end of the tool joint 
adaptor. 



The other end of the tool joint adaptor 554 is received within and threadably coupled to 
an end of a tool joint adaptor 560 that defines a longitudinal passage 560a. A torsion 
plate 562 is received within and threadably coi iJled to the other end of the tool joint 
adaptor 560 that defines a longitudinal passage 562a and includes one or more 
20 drcumferentially spaced apart tockirig teeth 562b at one end. An end of an upper 
bushing 564 is also received within and threadably coupled to the other end of the tool 
joint adaptor 560 proximate the torsion plate 562 that receives and is threadably 
coupled to an end of a cup mandrel 566 that defines a longitudinal passage 566a and 
includes a plurality of drcumferentially spaced apart locking teeth 566b at one end for 
25 engaging the drcumferentially spaced apart locking teeth 562b of the torsion plate 562. 
The end of the cup mandrel 566 is further positioned proximate an end face of the 
torsk>n plate 562. 



A thimble 568 is mounted on and is threadably coupled to the cup mandrel 566 
30 proximate an end face of the upper bushing 564. An inner thimble 570 is mounted on 
and is ttireadably coupled to the cup mandrel 566 proximate an end of the thimble 568. 
and one end of the inner thimble is received virithin and mates with the end of the 
thimble. A resilient packer cup 572 is mounted on and sealingly engages the cup 
mandrel 566 proximate an end of the inner thimble 570, and one end of the packer cup 
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is received within and mates with the end of the inner thimble. A packer cup backup 
nng 574 is mounted on the inner thimble 570 proximate an end face of the thimble 568, 
and an end of the packer cup backup ring 574 receives and mates with the packer cup 
572. A spacer 576 is mounted on and threadably engages the cup mandrel 566 
5 proximate an end face of the packer cup 572. 

A thimble 578 is mounted on and is threadably coupled to the cup mandrel 566 
proximate an end of the spacer 576. An inner tNmt)le 580 is mounted on and is 
threadably coupled to the cup mandrel 566 proximate an end of the thimble 578, and 

10 one end of the inner thimble is received within and mates with the end of the thimble. 
A resilient packer cup 582 is mounted on and sealingiy engages the cup mandrel 566 
proximate an end of the inner thimble 580, and one end of the packer cup is received 
within and mates with the end of the inner thimble. A packer cup backup ring 584 is 
mounted on the inner thimble 580 proximate an end face of the thimble 578, and an 

15 end of the packer cup backup ring 584 receives and mates with the packer cup 582 
An adjustable spacer 586 is mounted on and threadably engages the cup mandrel 566 
proximate an end face of the packer cup 582. 

An end of a cone mandrel 588 that defines a longitudinal passage 588a, an extemal 
20 lock ring groove 588b, an extemal lock ring groove 588c, an extemal lock ring groove 
588d, an extemal lock ring groove 588e, radial passages. 588f and 588g. and locking 
dog grooves 588h receives and is threadably coupled to an end of the cup mandrel 
566. A shear pin bushing 590 that defines extemal radial mounting holes. 590a and 
590b, at one end and an annular recess 590c at another end and includes 
25 drcumferentially spaced apart locking teeth 590d at the other end is mounted on and is 
movably coupled to the cone mandrel 588 Torsional shear pins, 592a and 592b, are 
mounted within and coupled to the external radial mounting holes, 590a and 590b, 
respectively, of the shear pin tMJshing 590 and received within the radial passages, 
470a and 470b, respectively, of the end of the casing 470. In this manner, torque loads 
30 may be transmitted between the casing 470 and the shear pin bushing 590. A resilient 
lock ring 594 is retained in the extemal lock ring groove 588b of the cone mandrel and 
received within the internal annular recess 590c at the end of the shear pin bushing 
590. 
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Referring to Figs. 24j. 25a, and 25b. an upper cone retainer 596 receives, mates with, 
and is coupled to the end of the shear pin bushing 590 that includes an internal flange 
596a and an internal upper pivot point flange 596b. An end of an upper cam 598 
includes a tubular base 598a that mates with, receives, and is movably coupled to the 
5 cone mandrel 588. The tubular base 598a of the upper cam 598 further includes an 
external flange 598b that is received within and mates with the upper cone retainer 596 
proximate the internal flange 596a of the upper cone retainer and a plurality of 
circumferentially spaced apart locking teeth 598c that engage the circumferentially 
spaced apart locking teeth 590d of the end of the shear pin bushing 590. In this 
10 manner, the upper cam 598 is retained within the upper cone retainer 596 and torque 
loads may be transmitted between the upper cam and the shear pin bushing 590. 

Refemng to Figs 25b and 25c, the upper cam 598 further includes a plurality of 
circumferentially spaced apart cam amis 598d that extend from the tubular base 598a 

15 in the longitudinal direction that mate with, receive, and are movably coupled to the 
cone mandrel 588. Each cam arm 598d includes an inner surface 598da that is an 
arcuate cylindrical segment, a first outer sur^ce 598db that is an arc*jate cylindrical 
segment, a s€*x)nd outer surface 598dc that is an arcuate conical s<-jment. and a third 
outer surface 598dd that is an arcuate cylindrical segment. In an exemplary 

20 embodiment, each of the cam arms 598d are identical. 

Refen^ing to Figs. 24j, 25a, and 25d. a plurality of circumferentialy spaced apart upper 
cone segments 600 are interleaved among the cam arms 598d of the upper cam 598. 
In an exemplary embodiment, each upper cone segment 600 includes a first outer 

25 surface 600a that defines a hinge groove 600b. a second outer surface 600c, a third 
outer surface 600d, a fourth outer surface 600e. a first inner surface 600f. a second 
inner surface 600g, a third inner surface 600h, and a fourth inner surface 600i. In an 
exemplary embodiment, the first outer surface 600a, the second outer surface 600c, 
the fourth outer surface 600e, the first inner surface 600f. the second inner surface 

30 600g, and the fourth inner surface 600i are arcuate cylindrical segments. In an 
exemplary embodiment, the third outer surface 600d is an arcuate spherical segment. 
In an exemplary embodiment, the third inner surface 600h is an arcuate conical 
segment. In an exemplary embodiment, each of the upper cone segments 600 are 
klentical. In an exemplary embodiment, the hinge grooves 600b of the upper cone 
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segments 600 receive and mate with the pivot point 596b of the upper cone retainer 
596. In this manner, the upper cone s^ments 600 are pivotally coupled to the upper 
cone retainer 596. 

5 Referring to Figs. 24j. 25a, and 25e, a plurality of circumferentially spaced apart lower 
cone segments 602 overlap with and are interleaved among the upper cone segments 
600. In an exemplary embodiment, each lower cone segment 602 includes a first outer 
surface 602a that defines a hinge groove 602b, a second outer surface 602c, a third 
outer surfece 602d, a fourth outer surface 602e, a first inner surface 602f, a second 

10 inner surface 602g. a third inner surface 602h, and a fourth Inrier surface 602i. In an 
exemplary embodiment, the first outer surfece 602a, the second outer surface 602c, 
the fourth outer surface 6b2e, the first inner surface 602f, the second inner surface 
602g, and the fourth inner surface 602i are arcuate cylindrical segments, in an 
exemplary embodiment, the third outer surface 602d is an arcuate spherical segment. 

15 In an exemplary embodiment, the third inner surface 602h is an arcuate conical 
segment. In an exemplary embodiment, each of the lower cone segments 602 are 
identical. 

Refem'ng to Figs. 24j. 25a, 25b, and 25f. a plurality of circumferentially spaced apart 
20 cam amis 604a that extend in the longitudinal direction from a tubular base 604b of a 
lower cam 604 overlap and are interleaved among the drcumfereritially spaced apart 
cam arms 598d of the upper cam 598 and mate with, receive, and are movably coupled 
to the cone mandrel 588. The tubular base 604b of the lower cam 604 mates with, 
receives, and is movably coupled to the cone mandrel 588 and includes an external 
25 flange 604c and a plurality of circumferentially spaced apart locking teeth 604d. Each 
cam arm 604a includes an inner surface 604aa that is an arcuate cylindrical segment, 
a first outer surface 604ab that is an arcuate cylindrical segment, a second outer 
surface 604ac that is an arcuate conical segment, and a third outer surface 604ad that 
is an arcuate cylindrical segment. In an exemplary embodiment, each of the cam arms 
30 604a are identical. 

An end of a lower cone retainer 606 includes an inner pivot point flange 606a that 
mates with and is received within the hinge grooves 602b of the lower cone segments 
602. In this manner, the lower cone segments 602 are ph/otally coupled to the lower 
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cone retainer 606. The lower cone retainer 606 further includes an inner flange 606b 
that mates with and retains the external flange 604c of the lower cam 604. In this 
manner, the lower cam 604 is retained within the lower cone retainer 606. 

The other end of the lower cone retainer 606 receives and is threadably coupled to an 
end of a release housing 608 that defines a radial passage 608a at another end and 
includes a plurality of circumferentialiy spaced apart locking teeth p08b at the end of 
the release housing for engaging the circumferentialiy spaced apart locking teeth 604d 
of the lower cam 604 in this manner, torque loads may be transmitted between the 
release housing 608 and the lower cam 604. An end of a lower mandrel 610 that 
defines a longitudinal passage 610a, an external radial mounting hole 610b, and radial 
passages 610c is received within, mates with, and is movably coupled to the other end 
of the release housing 608. A torsion locking pin 61 2 is mounted within and coupled to 
the external radial mounting hole 610b of the lower mandrel 610 and received within 
the radial passage 608a of the release housing 608. In this manner, longitudinal and 
torque loads may be transmitted between the release housing 608 and the lower 
mandrel 610. 

An end of a locking dog retainer sleeve 614 thai defines an inner annular recess 614a 
at one end and includes a plurality of circumferentialiy spaced apart locking teeth 614b 
at one end for engaging the locking teeth 604d of the lower cam 604 is received within 
and threadably coupled to an end of the lower mandrel 610. The locking dog retainer 
sleeve 614 is also positioned between and movably coupled to the release housing 608 
and the cone mandrel 588. Locking dogs 616 are received within the inner annular 
recess 614a of the locking dog retainer sleeve 614 that releasably engage the locking 
dog grooves 588h provided in the exlenor surface of the cone mandrel 588. In this 
manner, the locking dogs 616 releasably limit the longitudinal displacement of the lower 
cone segments 602, lower c^m 604, and the lower cone retainer 606 relative to the 
cone mandrel 588. 



A tocking ring retainer 618 is received within and is threadably coupled to an end of the 
lower mandrel 610 that defines an inner annular recess 618a for retaining a resilient 
locking ring 620 within the lock ring groove 588d of the cone mandrel 588. The locking 
ring retainer 618 further mates with and is movably coupled to the cone mandrel 588. 
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An end of an emergency release sleeve 622 that defines radial passages 622a, an 
outer annular recess^22b. and a longitudinal passage 622c is received within and is 
threadably coupled to an end of the lower mandrel 610. The emergency release 
sleeve 622 is also received within, mates vioth, and slidably and sealingly engages an 
5 end of the cone mandrel 588. 

An end of a pressure balance piston 624 is received within, mates with, and slidably 
and $ealingly engages the end of the lower mandrel 61Qt and receives, mates with, and 
is threadably coupled to an end of the cone mandrel 588 The other end of the 
pressure balance piston 624 receives, mates with, and slidably and sealingly engages 
the emergency release sleeve 622. 

An end of a bypass valve operating probe 626 that defines a longitudinal passage 626a 
is received within and is threadably coupled to another end of the lower mandrel 610. 
An end of an expansion cone mandrel 628 that defines radial passages 628a receives 
and Is threadably coupled to the other end of the lower mandrel 610. A sealing sleeve 
expansion cone 630 is slidably coupled to the o*her end of the expansion cone mandrel 
628 that includes an outer tapered expansii- 1 surface 630a. A guide 632 is releasat>ly 
coupled to another end of thq expansion cone mandrel 628 by a retaining collet 634. 

An end of an expandable sealing sleeve 636 receives and is mounted on the sealing 
sleeve expansion cone 630 and the guide 632. The other end of the expandable 
sealing sleeve 636 receives and is threadably coupled to an end of a bypass valve 
body 638 that defines radial passages. 638a and 638b, An elastomeric coating 640 is 
coupled to the exterior of at least a portion' of the expandable sealing sleeve 636. An 
end of a probe guide 642 that defines an inner annular recess 642a is received within 
and is threadably coupled to an end of the bypass yah^e body 638 ^nd receives and 
mates with an end of the bypass valve operating probe 626. 

A bypass valve 644 that defines a longitudinal passage 644a and radial passages, 
644b and 644c, and includes a collet locking member 644d at one end for releasably 
engaging an eriji of the bypass valve operating probe 626 is received within, mates 
with, and slidably and sealingly engages the bypass valve body 638. An end of a lower 
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mandrel 646 that defines a longitudinal passage 646a receives and is threadably 
coupled to an end of the bypass valve body 638. 

An end of a dart guide sleeve 648 that defines a longitudinal passage 648a is received 
within and is coupled to an end of the bypass valve body 638 and the other end of the 
dart guide sleeve 648 is received within and is coupled with the lower mandrel 646. 
An end of a differential piston 650 that includes an inner flange 650a at another end 
receives and is coupled to an end of the lower mandrel 646 by one or more shear pins 
652 An end of a float valve assembly 654 Including a float valve 654a, a valve guard 
654b, and a guide nose 654c receives and is threadably coupled to an end of the lower 
mandrel 646. A plurality of drcumferentially spaced apart locking dogs 656 are 
pivotally coupled to the inner flange 650a of the differential piston 650 and are further 
supported by an end of the float valve assembly 654. 

As illustrated in Figs. 24a-24k. in an exemplary embodiment, during operation of the 
apparatus 400, the apparatus is initially positioned within a preexisting stmcture 700 
such as, for example, a weilbore that traverses a subterranean fonnation. In several 
ilternative embodiments, the weilbore 700 may hax- any inclination from vertical to 
horizontal. Furthermore, in several alternative embodiments, the weilbore 700 may 
also include one or more preexisting weilbore casings, or other well construction 
elements, coupled to the weilbore. During the positioning of the apparatus 400 within 
the weilbore 700, the casings, 468 and 470, are supported by the positive casing 
locking dog 464 and the torsional shear pins, 592a and 592b. In this manner, axial and 
torque loads may be transmitted between the casings, 468 and 470. and the tubular 
support member 402. 

In an exemplary embodiment, as illustrated in Fig. 25h, prior to the assembly of the 
apparatus 400, the force of the spring 418 applies a sufficient downward longitudinal 
force to position the ends of the casing gripper locking dogs, 424a and 424b, between 
the outer annular recesses. 406d and 406e, of the gripper upper mandrel 406 thereby 
placir^ the bypass valve body 412 in a neutral position. In an exemplary embodiment, 
when the apparatus 400 is assembled by inserting the apparatus irito the casing 468. 
the ends of the casing gripper locking dogs, 424a and 424b, impact the upper end of 
the casing 468 and are thereby displaced, along with the bypass valve body 412. 
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upwardly relative to the gripper upper mandrel 406 until the ends of the casing gripper 
locking dogs pivot radially invirardly Into engagement with the outer annular recess 
406d of the gripper upper mandrel. In this manner, the bypass valve body 412 is 
positioned in an inactive position, as illustrated in Fig. 24a. that fluidicly decouples the 
5 casing gripper hydraulic portSi 406f and 406h. The upward displacement of the bypass 
valve body 412 relative to tiie gripper upper mandrel 406 further compresses the spnng 
418. The bypass valve body 412 is then maintained in the inactive position due to the 
placement of the casing gripper locking dogs, 424a and 424b, within the casing 468 
thereby preventing the ends of the casing gripper locking dogs from pivoting radially 
1 0 outward out of engagement with the outer annular recess 406d. 

Refening to Figs. 26a-26k. when the apparatus 400 is positioned at a desired 
predetermined position within the wellbore 700, a flukjic material 702 is injected into the 
apparatus through the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a. 476a. 

15 478a, 484a, 522a. 529a, 534a. 544a. 554a. 566a, 588a, 622c, 610a, 626a, 644a, and 
646a and out of the apparatus through the float valve 654a. In this manner the proper 
operation of the passages 402a, 404a, 406a. 454a. 450a, 456a. .458a, 476a, 478a. 
484a. 52: -a. 529a. 534a. 544a. 554a. 566a. 588a. 622c. 610a, -326a, 644a, and 646a 
and the float valve 654a may be tested. A dart 704 is then Injected into the apparatus 

20 with the fluidic material 702 through the passages 402a, 404a. 406a, 454a. 450a, 456a, 
458a, 476a. 478a. 484a, 522a, 529a, 534a, 544a, 554a, 566a, 588a, 622c. 610a, 626a, 
and 644a until the dart is positioned and seated in the passage 646a of the lower 
mandrel 646. As a result of the positioning of the dart 704 in the passage 646a of the 
lower mandrel 646, the passage of the lower mandrel is thereby closed. 

25 

The flukJic material 702 is then injected into the apparatus thereby increasing the 
operating pressure within the passages 402a, 404a, 406a, 454a, 450a, 456a. 458a. 
476a. 478a. 484a. 522a. 529a. 534a, 544a. 554a, 566a, 588a, 622c, 610a. 626a, and 
644a. Fufthenmore. the continued injection of the fluidic material 702 into the 
30 apparatus 400 also causes the fluidic material 702 to pass through the radial passages, 
526b and 526c. 530b and 530c, and 536b and 536c. of the piston 526. 530. and 536, 
respectively, into an annular pressure chamber 706 defined between the actuator 
banel 492 and the connector tube 529. an annular pressure chamber 708 defined 
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between the actuator barrel 502 and the connector tube 534, and an annular pressure 
chamber 710 defined between the actuator barrel 512 and the connector tube 544. 

The pressurizatlon of the annular pressure chambers. 706, 708, and 710 then cause 
the pistons 526, 530, and 536 to be displaced upwardly relative to the casing 470. As 
a result, the connector tube 529, the connector tube 534. the connector tube 544. the 
threaded bushing 550. the lock nut 552, the tool joint adaptor 554, the sealing sleeve 
558, the tool joint adaptor 560, the torsion plate 562. the upper bushing 564, the cup 
mandrel 566, the thimble 568, the inner thimble 570, the packer cup 572, the backup 
ring 574, the spacer 576, the thimble 578. the inner thimble 580, the packer cup 582, 
the backup ring 584, the spacer 586, and the cone mandrel 588 are displaced upwardly 
relative to the casing 470. the shear pin bushing 590. the locking ring 594. the upper 
cone retainer 596. the upper cam 598. and the upper cone segments 600 

As a result, as illustrated in Figs 26j. 27a, and 27b. the shear piii bushing 590, the 
tocking ring 594, the upper cone retainer 596, the upper cam 598, and the upper cone 
segments 600 are disp'.aced downwanlly relative to the cone mandrel 588, the lower 
cone segments 602 and the lower cam 604 thereby driving the upper cce segments 
600 onto and up ttie cam amis 604a of the lower cam 604, and driving the lower cone 
segments 602 onto and up the cam arms 598d of the upper cam 598. During the 
outward radial displacement of the upper arid lower cone segments. 600 and 602, the 
upper and cone segments translate towards one another in the longitudinal direction 
and also pivot about the pivot points, 596b and 606a, of the upper and lower cone 
retainers, 596 and 606, respectively. 

As a result, a segmented expansion cone is fonned that includes a substantially 
continuous outer arcuate spherical surface provkted by the axially aligned and 
interleaved upper and lower expanston cone segments, 600 and 602. Furthennore, the 
resilient tocking ring 594 is relocated from the lock ring groove 588b to the lock ring 
groove 588c thereby releasably locking the positions of the shear pin bushing 590, the 
locking ring 594, the upper cone retainer 596, the upper cam 5^, and the upper cone 
segments 600 relative to the cone mandrel 588. 
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Referring to Figs 28a to 28j. the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize annular pressure chambers. 706, 708. and 71t). 
As a result, an upward axial force Is applied to the shear pin iHishing 590 that causes 
the torsional shear pins, 592a and 592b. to be sheared thereby decoupling the wellbore 
5 casing 470 from the shear pin bushing 590 and pennittlng the pistons 526, 530, and 
536 to be further displaced upwardly relative to the casing 470. The further upward 
displacement of the pistons 526. 530, and 536 In turn displaces the cone mandrel 588, 
the upper cam 598, the upper cone segments 600. the lower cone segments 602, and 
the lower cam 604 upwardly relative to the casing 470. As a result, the segmented 
10 expansion cone provided by the Interleaved and axlally aligned upper and lower cone 
segments, 600 and 602, radially expands and plastically deforms a portion of the 
casing 470. 

Referring to Figs. 29a-29m. during the continued Injection of the fluldic material 702, 
15 the segmented expansion cone provided by the Interieaved and axially aligned upper 
and lower cone segments, 600 and 602, wdl continue to be displaced upwardly relative 
to the casing 470 thereby continuing to radially expand and plastically deform the 
casing until the locking dogs C*)6 engage and push on the lower end of the casing 4 • 0. 
When the <ocking dogs 656 engage and push on the lower end of the casing 470, the 
20 locking dogs 656. the float valve assembly 654, the differential piston 650. the dart 
guide sleeve 648. the lower mandrel 646, the bypass valve 644. the elastomeric 
coating 640. tiie bypass valve body 638. the expandable sealing sleeve 636. the 
retaining collet 634, the guMe 632. the sealing sleeve expansion cone 630. the 
expansion cone mandrel 628, the bypass valve operating probe 626. the pressure 
25 balance piston 624, the emergency release sleeve 622. the resilient locking ring 620. 
the locking ring retainer 618. the locking dogs 616. the locking dog retainer sleeve 614. 
the torsion locking pin 612, the lower mandrel 610. the release housing 608. the lower 
cone retainer 606, tiie tower cam 604, and the lower cone segments 602 are displaced 
downwardly In the longitudinal direction relative to ttie cone mandrel 588. As a result, 
30 the upper cam 598 and tiie upper cone segments 600 are moved out of axial alignment 
with ttie tower cone segments 602 and the lower cam 604 thereby collapsing the 
segmented expansion cone. Furthentiore, tiie tocking ring 620 is moved from the lock 
ring groove 588d to the lock ring groove 588e ttiereby reieasably fixing the new 
position of the lower cone segments 602 and the lower cam 604. 
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In particular, as illustrated in Fig. 30a. when a downward tensile longitudinal force is 
initially applied to the lower mandrel 610 relative to cone mandrel 588. the lower 
mandrel, the locking dog retainer sleeve 614. and the locking ring retainer 618 aria 
displaced downwardly relative to the cone mandrel 588 when the applied tensile force 
IS sufficient to release the locking ring 620 from engagement with the lock ring groove 
588d. As illustrated in Fig. 30b. if the applied tensile force is sufficient to release the 
locking ring 620 from engagement with the lock ring groove 588d. the lower mandrel 
610. the locking dog retainer sleeve 614. and the locking ring retainer 618 are 
displaced downwardly relative to the cone mandrel 588 thereby displacir^g the annular 
recess 614a of the locking dog retainer sleeve downwardly relative to the locking dogs 
616. As a resuK. the locking dogs 616 are released from engagement with the locking 
dog grooves 588h of the cone mandrel 688 thereby pemnitting the lower cone 
segments 602, the lower cam 604. and the lower cone retainer 606 to be displaced 
downwardly relative to the cone mandrel 588. 

As illustrated in Fig. 30c. further downward rfisplacement of the lower mandrel 610 then 
causes the torsion locking pin 612 to ngage and displace the release housing 608 
downwardly relative to the cone mandrel 588 thereby displacing the locking dogs 616, 
the lower cone retainer 606, the lower cam 604, and the lower cam segments 602 
downwardly relative to the cone mandrel. As a result, the lower cone segments 602 
and the lower cam 604 are displaced downwardly out of axial alignment with the upper 
cam 698 and the upper cam segments 600 thereby collapsing the segmented 
expansion cone. Furthemiore, the downward displacement of the locking dog retainer 
sleeve 614 also displaced the locking ring retainer 618 and the locking ring 620 
downwardly relative to the cone mandrel 588 thereby relocating the locking ring from 
the lock ring groove 588d to the lock ring groove 588e. In this manner, the now 
position of the lower cone segments 602 and the lower cam 604 are thereby releasably 
fixed relative to the cam mandrel 588 by the locking ring 620: 

The operations of Figs. 30a-30c may be reversed, and the segmented expansion cone 
may again be expanded, by applying a upward compressive force to the lovi^r mandrel 
610 If the compressive force is sufficient, the locking ring 620 will be released from 
engagement with the lock ring groove 588e, thereby permitting the lower mandrel 610 
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and the locking dog retainer 614 to be displaced upwardly relative to the cone nfiandrel 
588. As a result, the locking dog retainer 614 will engage and displace the locking 
dogs 616, the lower cam 604. the lower cone segments 602, the lower cone retainer 
606, and the release housing 608 upwardly relative to the cone mandrel 588 thereby 
bringing the upper cam 598 and the upper cone segments 600 back into axial 
alignment with the lower cone segments 602 and the tower cam 604. As a result, the 
segmented expansion cone is once again expanded. Once the segmented cone has 
been fiilly expanded, the tocking dogs 616 will once again be positioned In alignment 
with the locking dog grooves 588h of the cone mandrel 588 and will thereby once again 
engage the locking dog grooves. The continued upwanJ displacement of the lower 
mandrel 610 relative to cone mandrel 568 will thereby also upwardly displace the 
locking dog retainer 614 upwardly relative to the cone mandrel thereby once again 
capturing and resfraining the locking dogs 616 within the annular recess 614a of the 
locking dog retainer. As a result, the new expanston position of the lower cone 
15 segments 602 and the lower cam 604 relative to the cone mandrel 588 will be 
releasably locked by the locking dogs 616 Furthermore, the locking ring 620 will also 
be relocated from engagement with the lock nng groove 588e to engagement with the 
lock ring groove 588d to thereby releasably lock le expanded segmented cone in the 
expanded position. 



10 



Refening to Figs. 31a-31n, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize the piston chambers 706, 708. and 710 thereby 
further displacing the pistons upwardly 526, 530. and 536 upwardly relative to the 
support member 402. Because the engagement of the locking dogs 656 with the lower 
end of the casing 470 prevents float valve 654 from entering the casing, the continued 
upward displacement of the pistons 526, 530. and 536 relative to the support member 
402 causes the bypass vake operating probe 626 to be displaced upwardly relative to 
the support member thereby disengaging the bypass valve operating probe from the 
probe gukie 642, and also causes the sealing sleeve expansion cone 630 to be 
displaced upwardly relative to the expandable sealing sleeve 636 thereby radially 
expanding and plastically deforming the sealing sleeve 636 and the elastomeric coating 
640 into sealing engagement with the interior surface of the lower end of the casing 
470. As a result, the lower end of the casing 470 is fluidicly sealed by the combination 
of the sealing engagement of the sealing sleeve 636 and elastomeric coating 640 with 
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the interior surface of the lower end of the casing and the positioning the dart 704 
within the passage 646a of the lower mandrel 646 

Continued injection of the fluidic matenal 702 into the apparatus 400 continues to 
pressurize the piston chaml>ers 706, 708, and 710 until the pistons 536. 530 and 536 
are displaced upwardly relative to the casing 470 to their maximum upward position 
relative to the support member 402. As a result, the dart ball guide 524 impacts the 
positive casing lock mandrel 478 with sufficient forest shear the shear pins. 428a and 
428b, thereby decoupling the positive casing lock mandrel 478 from the casing lock 
barrel adaptor 474. The positive casing lock mandrel 478 is then displaced upwardly 
relative to the support member 402 which In turn displaces the positive casing lock 
releasing mandrel 476 upwardly relative to the positive casing locking dogs 464. As a 
result, the internal flanges, 464a and 464b, of the positive casing locking dogs are 
relocated into engagement with the annular recesses. 476c and 476d. respectively, of 
the positive casing lock releasing mandrel 476. The positive casing lock casing collar 
466 is thereby released from engagement with the positive casing locking dogs 464 
thereby releasing the casings 468 and 470 from engagement wrth the support member 
402. \s a result, the positions of the casings, 468 and 470 are no longer fixed relative 
to the support member 402. 

Refemng to Figs. 32a-32k, the injection of the fluidic material 702 is stopped and the 
support member 402 is then lowered into the wellbore 700 until the float valve 
assembly 654 impacts the bottom of the wellbore. The support member 402 is then 
further towered Into the wellbore 700, with the float valve assembly 654 resting on the 
bottom of the wellbore, until the bypass valve operating probe 626 impacts and 
displaces the bypass vah^e 644 downwardly relative to the bypass valve body 638 to 
fluididy couple the passages. 638a and 644b. and the passages, 638b and 644c, and 
until sufficient upward compressive force tias been applied to the tower mandrel 610 to 
re-expand the segmented expansion cone provided by the cone segments, 600 and 
602. In an exemplary embodiment, the collet locking member 644d of the bypass 
valve 644 will also engage an end of the bypass valve operating probe 626. 

In an exemplary embodiment, the support member 402 is lowered downwardly into the 
wellbore 700 such that sufRaent upward compressive force is applied to the lower 
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mandrel 610 to release the locking ring 620 from engagement with the lock ring groove 
588e, thereby pennitting the lower mandrel 610 and the locking dog retainer 614 to be 
displaced upwardly relative to ^e cone mandr^ 588. As a result, the locking dog 
retainer 614 will engage and displace the locking dogs 616, the lower cam 604, the 
lower cone segments 602, the lower cone retainer 606, and the release housing 608 
upwardly relative to the cone mandrel 588 thereby brniging the upper cam 598 and the 
upper cone segments 600 back into axial alignment with the lower cone segments 602 
and the lower^cam 604. As a result, the segmented expansion cone is once again 
expanded. Once the segmented cone has been fully expanded, the locking dogs 616 
will once again be positnned in alignment vwth the locking aog grooves 588h of the 
cone mandrel 588 and will thereby once again engage the locking dog grooves. The 
continued upward displacement of the k>wer mandrel 610 relative to cone mandrel 588 
will thereby also upwardly displace the tocking dog retainer 614 upwardly relative to the 
cone mandrel thereby once again capturing and restraining the locking dogs 616 within 
the annular recess 614a of the tocking dog retainer As a result, the new expansion 
position of the lower cone segments 602 and the lower cam 604 relaitive to the cone 
mandrel 588 will be releasably locked by the locking dogs 616. Fur^hennore, the 
locking ring 62C will also be relocated from engagement with the took • ing groove 588e 
to engagement with the lock nng groove 588d to thereby releasably took the expanded 
segmented cone in the expanded position. 

A hardenaUe fluklic sealing material 712 may then be injected into the apparatus 400 
through the passages 402a, 404a, 406a, 454a. 450a, 456a. 458a, 476a, 478a. 522a, 
626a, 529a. 530a. 534a, 536a. 544a, 554a. 566a. 588a. 622a. 610a. 626a. 638a. 638b, 
644b, and 644c. and out of the apparatus through the circumferential gaps defined 
between the drcumferentially spaced apart locking dogs 656 into the annulus between 
the casings 468 and 470 and the weHbore 700. In an exemplary emt)odiment. the 
hardenable fluidic seating material 712 is a cement suitable for well construction. The 
hardenabie fluidic sealing material 712 may then be alk)wed to cure before or after the 
further radial expansion and plastic deformation of the casings 468 and/or 470. 

Referring to Figs. 33a-33p. after completing the injection of the fluidic material 712. the 
support member 402 is then lifted upwardly thereby displacing the bypass valve 
operating probe 626 and the bypass valve 644 upwardly to fluidicly decouple the 
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passages, 638a and 644b and 6d8b and 644c, until the collet locking member 644d of 
the bypass valve is decoupled from the bypass valve opeFating probe. The support 
member 402 Is then further lifted upwardly until the segmented expansion cone, 
provided by the interleaved and axially aligned cone segments, 600 and 602, impacts 
5 the transition between the expanded and unexpended sections of the casing 470. A 
flu'idic material 714 is then injected into the apparatus 400 through the passages 4023, 
404a. 406a, 454a. 450a. 456a. 458a. 476a. 478a, 484a, 524a. 522a. 526a, 529a. 530a. 
534a. 536a. 544a. 554a. 566a, 588a, 622c. 610a, and 626a thereby pressurizir>g the 
Interior portion of the casing 470 below the packer cups. 572 and 582. In particular, the 

10 packer cups. 572 and 582. engage the interior surface of the casings 468 and/or 470 
and thereby provide a dynamic movable fluidic seal. As a result, the pressure 
differential across the packer cups. 572 and 582. causes an upward tensile force that 
pulls the segmented expansion cone provkled by the axially aligned and interleaved 
cone segments. 600 and 602. to be pulled upwardly out of the casings 468 and/or 407 

15 by the packer cups thereby radially expanding and plastically defomning the casings. 
Furthermore, the tack of a fluid tight seal between the cone segments. 572 and 582. 
and the casings 468 and/or 470 penmits the fluidic material 714 to lubricate the 
interface between the cor •> segments and the casings during the radial expans on and 
plastic deformations of the casings by the cone segments. In an exemplary 
20 embodiment, during the radial expanston and plastic deformation of the wellbore 
casings 468 and(or 470. the support member 402 is lifted upwardly out of the wellt)ore 
700. In several altemative embodiments, the casings 468 and/or 470 are radially 
expanded and plastically defomied into engagement with at least a portion of the 
interior surface of the wellbore 700. 

25 

Refem'ng to Figs. 34a-34l. in an exemplary embodiment a preexisting wellbore casing 
716 is coupled to, or othenmse support by or within, the wellbore 700. In an exemplary 
emtMdiment. dunng the radial expansion and plastic defonnatlon of the portion oif the . 
casing 468 and/or 470 that overiaps with the preexistirig casing 716. during the 
30 continued injecton of the fluidic material 714. the bypass valve body 412 is shifted 
downwardly relative to the gnpper upper mandrel 406 thereby fluidk:ly coupling the 
casing gnpper hydraulk; ports, 406f and 406h. As a result, the interior passages, 428a 
and 440a, of the gripper bodies, 428 and 440, are pressurized thereby displacing the 
hydraulic,slip pistons, 432a-432j and 442a-442j. radially outward into engagement with 
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the interior surface of ttte preexisting wellbore casing 716. After the hydraulic slip 
pistons. 432a-43^ and 442a-442j, engage the preexisting wellbore casing 716. the 
continued injection of the fluidic material 714 causes the segmented expansion cone 
including the axially aligned and interieaved cone segments, 600 and 602, to be pulled 
through the overiapping portions of the casings 468 and/or 470 and the preexisting 
wellbore casing by the upward displacement of the pistons, 526, 530, and 536, relative 
to the preexistihg wellbore casing, in this manner, the overiapping portions of the 
casings 468 and/or 470 and the preexisting wellbore casing 716 are simultaneously 
radially expanded and plastically defonned by the upward displacement of the 
segmented expansion cone including the axially aligned and interieaved cone 
segments, 600 and 602. In several alternative embodiments, the hydraulic slip pistons, 
432a-432j and 442a-442j, are displaced radially outward into engagement with the 
interior surface of the casings 468 and/or 470 and/or the preexisting wellbore casing 
716. 

In an exemplary embodiment, the bypass valve body 412 Is shifted downwardly relative 
to the gripper upper mandrel 406 by lowenng the casing gripper locking dogs, 424a 
and 424b, using the support memb 402 to a position below the unexpended portions 
of the casings 468 and/or 470 into the radially expanded and plastically defonfned 
portions of the casings. The ends of the casing gripper locking dogs, 424a and 424b, 
may then pivot outwardly out of engagement with the outer annular recess 40M of the 
gripper upper mandrel 406 and then are displaced downwardly relative to the gripper 
upper mandrel, along with the bypass valve body 412, due to the downward 
longitudinal force provided by the compressed spring 418. As a result, the bypass 
valve body 412 is placed in the neutral position illustrated in Fig. 2Sh. The casing 
gnpper locking dogs, 424a and 424b, are then displaced upwardly relative to the casing 
gripper upper mandrel 406 using the support member 402 thereby impacting the casing 
gripper locking dogs with the interior diameter of the unexpended portion of the casings 
468 and/or 470. As a resuft. the casing gripper locking dogs. 424a and 424b, are 
displaced downwardly, along with the bypass valve body 412 relative to the casing 
gripper upper mandrel 406 until the ends of the casing gripper locking dogs pivot 
radially inwardly into engagement with the outer annular recess 406e of the casing 
gripper upper mandrel thereby positioning the bypass vah^e body in an active position. 
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as illustrated in Fig. 34a, in which the casing gripper hydraulic ports, 406f and 406h, 
are fluidicly coupled. 

In an alternative embodiment, the bypass valve body 412 is shifted downwardly relative 
to the gripper upper mandrel 406 by raising the casing gnpper locking dogs, 424a and 
424b, to a position above the casing 468 using the support member 402 thereby 
pennitting the ends of the casing gripper locking dogs to pivot radially outward out of 
engagement with the outer annular recess 406d of the gnpper upper mandrel 406. The 
ends of the casing gripper locking dogs, 424a and 424b, are then displaced 
downwardly relative to the gripper upper mandrel, along with the bypass valve body 
412, due to the downward longitudinal force provided by the compressed spring 418. 
into engagement with the outer annular recess 406e of the casing gripper upper 
mandrel thereby positioning the bypass valve body in an active position, as illustrated 
in Fig. 34a, in which the casing gripper hydraulic ports, 406f and 406h, are fluidicly 
coupled. 

In an exemplary embodiment, the process of pirUing the segmented expansion cone 
provided by pulling the interieaved and axia / aligned cone segments, 600 and 602. 
upwardly through the overlapping portions of the casings 468 and/or 470 and the 
preexisting wellbore casing 716 is repeated by repeatedly stroking the pistons, 526, 
530. and 536, upwardly by repeatedly a) injecting the fluidic material 714 to pressurize 
the apparatus 400 thereby displacing the segmented expansion cone upwardly, b) 
depressunzing the apparatus by halting the injection of the fluidic material, and then c) 
lifting the elements of the apparatus upwardly using the support member 40i2 In order 
to property position the pistons for another upward stroke. 

Refemng to Figs. 35a-35i, in an exemplary embodiment, during the operation of the 
apparatus 400, the segmented expansion cone provided by the interieaved and axially 
aligned cone segments, 600 and 602, may be collapsed thereby moving the cone 
segments out of axial alignment by injecting a ball plug 718 into the apparatus using 
the injected fluidic material 714 through the passages 402a, 404a, 406a, 454a. 450a, 
456a, 458a, 476a, 484a, 522a. 529a, 534a, 544a, 554a, 566a, and 588a into sealing 
engagement with the end of the emergency releasing sleeve 622. The continued 
injection of the fluidic material 714 following the sealing engagement of the ball plug 
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718 with the end of the emergency releasing sleeve 622 will apply a downward 
longitudinal tensile force to the lower mandrel 610. As- a result, as illustrated and 
described above with reference to Fig. 30a, when the downward tensile longitudinal 
force IS initially applied to the lower mandrel 610 relative to cone mandrel 588. the 
5 lower mandrel, the locking dog retainer sleeve 614, and the locking ring retainer 618 
are displaced downwardly relative to the cone mandrel 588 when the applied tensile 
force IS sufficient to release the locking ring 620 from engagement with the lock ring 
groove 588d. As illustrated in Fig. 30b. If the applied downward tensile longitudinal 
force is sufficient to release the locking nng 620 from engagement with the lock ring 

10 groove 588d. the lower mandrel 610, the locking dog retainer sleeve 614, and the 
locking ring retainer 618 are displaced downwardly relative to the cone mandrel 588 
thereby displacing the annular recess 614a of the locking dog retainer sleeve 
downwarelly relative to the locking dogs 616 As a result, the locking dogs 616 are 
released from engagement with the tocking dog grooves 588h of the cone mandrel 588 

15 thereby pemiitting the lower cone segments 602, the lower cam 604, and the k>wer 
cone retainer 606 to be displaced downwardly relative to the cone mandrel 588. 

A- Illustrated in Fig. 30c. further downward displacemer' of the tower mandrel 610 then 
causes the torsion locking pin 612 to engage and displace the release housing 608 

20 downwardly relative to the cone mandrel 588 thereby displadng the locking dogs 616, 
the lower cone retainer 606, the lower cam 604, and the lower cam segments 602 
downwardly relative to the cone mandrel. As a result, the lower cone segments 602 
and the lower cam 604 are displaced downwardly out of axial alignment with the upper 
cam 598 and the upper cam segments 600 thereby collapsing the segmented 

25 expansion cone. Furthermore. Uie downward displacement of the kwking dog retainer 
sleeve 614 also displaced the tocking ring retainer 618 and the locking ring 620 
downwardly relative to the cone mandrel 588 thereby relocating the locking ring from 
the took ring groove 588d to the tock ring groove 588e. In this manner, the now 
positton of the tower cone segments 602 and the lower cam 604 are thereby releasably 

30 fixed relative to the cam mandrel 588 by the locking ring 620. 

Referring now to Fig. 36a. an exemplary embodiment of the operation of the pressure 
balance piston 624 during an exemplary embodiment of the operation of ttie apparatus 
400 will now be described. In particular, after the dart 704 is positioned and seated in 
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the passage 64ea of the fewer mandrel 646, the operating pressure within the passage 
622c will increase. As a result, the operating pressure within the passages 622a will 
increase thereby inaeasing the operating pressures within the passages, 588f and 
588g. of the cone mandrel 588. and within an annulus 720 defined tietween the cone 
5 mandrel 588 and lower mandrel 610. The operating pressure within the annulus 720 
acts upon an end fece of the pressure t>alance piston 624 thereby applying a 
downward fengitudinal force to the cone mandrel 588. As a result, the cone mandrel 
588 and the locking dog retainer sleeve 614 could inadvertently be displaced away 
firom each other in opposite directions during the pressurization of the intenor passages 

10 of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of 
the lower mandrel 646 thereby potentially collapsing the segmented expansion cone 
including the intedeaved and axially aligned cone segments. 600 and 602. Thus, the 
pressure balance piston 624. in an exemplary embodiment, neutralizes the potential 
effects of the pressurization of the Interior passages of the apparatus 400 caused by 

15 the placement of the dart 704 in the passage 646a of the lower mandrel 646. 

Referring now t.-) Fig. 36b. an exemplary embodiment of the operation of the pressure 
balance pis on 624 during another exemplary embodiment of -le operation of the 
apparatus 400 will now be described. In particular, during the placement of the ball 

10 718 within the passage 622c of the releasing sleeve 622. the intenor passages of the 
apparatus 400 upstream from the ball are pressurized. However, since the ball 718 
blocks the passage 622c. the passage 622a is not pressurized. As a result, the 
pressure balance piston 624 does not apply a downward longitudinal force to the cone 
mandrel 588. As a result, the pressure balance piston 624 does not interfere with the 

5 collapse of the segmented expansion cone including the interleaved and axially aligned 
cone segments. 600 and 602, caused by the placement of the ball 718 within the 
mouth of the passage 622c of the release sleeve 622. 

An apparatus for radially expanding and plastically defonning an expandable tubular 
0 member has been described that Includes a float shoe adapted to mate with an end of 
the expandable tubular member, an adjustable expansion mandrel coupled to the float 
shoe adapted to be controllably expanded to a larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to 
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controllably displace the adjustable expansion mandrel relative to the expandable 
tubular member, a locking device coupled to the actuator adapted to controllably 
engage the expandable tubular mismber, and a support member coupled to the locking 
device. 

A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has been descnbed that includes positioning an adjustable 
expansion mandrel within the expandable tubular member, supporting the expandable 
tubular member and the adjustable expansion mandrel within the borehole, lowering 
the adjustable expansion mandrel out of the expandable tubular rnember. increasing 
the outside dimension of the adjustable expansion mandrel, and displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deforni n portions of the exparidable tubular 
member. 

A method for fbmiing a mono diameter welibore casing has been described that 
includes positioning an adjustable expansion mandrel within a first expandable, tubular 
member, supporting «ie first expandable tubular member and the adjustabi • expansion 
mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the first expandable tubular member m times to radially expand and plastically deform 
m portions of the first expandable tubular member within the borehole, positioning the 
adjustable exparKitm mandrel within a second expandable tubular member, supporting 
the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member, lowering 
the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside (fimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the borehole. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a ftoat shoe adapted to mate with an end of 
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the expandable tubular member, an adjustable expansion mandrel coupled to the float 
shoe adapted to be controllably expanded to a larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to 
controllably displace the adjustable expansion mandrel relative to the expandable 
tubular member, a locking device coupled to the actuator adapted to controllably 
engage the expandable tubular member, a support member coupled to the locking 
device, and a sealing member for sealingly engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has been descnbed that includes positioning an adjustable 
expansion mandrel within the expandable tubular member, supporting the expandable 
tubular member and the adjustable expansion mandrel within the t>orehole, lowering 
the adjustable expansion mandrel out of the expandable tubular member, increasing 
the outside dimension of the adjuntable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly Mlative to the expandable tubular member n times o 
radially expand and plastically deform n portions of the expandable tubular member 
within the borehole, and pressurizing an interior region of the expandable tubular 
member above the adjustable expansion mandrel during the radial expansion and 
plastic defonnation of the expandable tubular member within the borehole. 

A method for fooning a mono diameter wellbore casing has been described that 
includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, supporting the first expandable tubular member and the adjustable expansion 
mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outskle dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the first expandable tubular member m times to radially expand and plastically defonn 
m portions of the first expandable tubular member within the t>orehole, pressurizing an 
interior region of the first expandable tubular member above the adjustable expansion 
mandrel during the radial expansion and plastic deformation of the first expandable 
tubular member within the borehole, positioning the adjustable expansion mandrel 
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within a second expandable tubular member, supporting the second expandable 
tubular member and the adjustable expansion mandrel within the borehole In 
overlapping relation to the first expandable tubular member, lowering the adjustable 
expansion mandrel out of the second expandable tubular member, increasing the 
outside dimension of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the second expandable tubular member n 
times to radially expand and plastically deform n portions of the second expandable 
tubular member within the borehole, and pressurizing an intenor region of the second 
expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic defomnatlon of the second expandable tubular member within 
the borehole. 

An apparatus for drilling a borehole within a subterranean fomnation and then radially 
expanding and plastically defonning an expandable tubular member within the dniled 
borehole has been described that includes a float shoe adapted to mate with an end of 
the expandable tubular member, a drilling member coupled to the float shoe adapted to 
drill the borehole, an adjustable expansion mandrel coupled, to the float shoe adapted 
to be controliably expanded to a larger outside dimension for radial expansion of the 
expandable- tubular member or collapsed to a smaller outside dimension, an actuator 
coupled to the adjustable expansion marKlrel adapted to controliably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking 
device coupled to the actuator adapted to controliably engage the expandable tubular 
member, and a support member coupled to the loclcing device. 

A method for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole has been descnbed that includes positioning an adjustable expansion 
mandrel within the expandable tubular member, coupling a drilling member to an end of 
the expandable tubular memtjer. drilling the borehole using the drilling member, 
positioning the adjustable expansion mandrel and the expandable tubular member 
within the drilled borehole, lowenng the adjustable expansion mandrel out of the 
expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative 
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to the expandable tubular member n times to radially expand and plastically defonr) n 
portions of the expandable tubular member within the drilled borehole. 

A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first 
expandable tubular member, coupling a drilling member to an end of the first 
expandable tubular member, drilling a first sectron of the borehole using the drilling 
member, supporting the first expandable tubular member and the adjustable expansion 
mandrel within the drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion 
mandrel upwardly relative to the first expandable tubular member m times to radially 
expand and plastically deform m portions of the first expandable tubular member within 
the dniled first section of the borehole, positioning the adjustable expansion mandrel 
within a second expandable tubular member, coupling the drilling member to an end of 
the second expandable tubular member, drilling a second section of the borehole using 
*.he drilling member, supporting the second expandable tubular member and the 
adjustable expansion mandrel within the borehol- in overiapping relation to the first 
expandable tubular member within the second drilled section of the borehole, lowering 
the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the drilled second section of the borehole. 

An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole has been described that includes a float shoe adapted to mate with an end of 
the expandable tubular member, a drilling member coupled to the float shoe adapted to 
drill the borehole, an adjustable expansion mandrel coupled to the float shoe adapted 
to be controllably expanded to a larger outside dimension for radial expiansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator 
coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking 
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device coupled to the actuator adapted to controliabiy engage the expandable tubular 
mennber, a support mennber coupled to the locking device, and a sealing member for 
sealing engaging the expandable tubular member adapted to define a pressure 
chamber above the adjustable expansion mandrel during the radial expansion of the 
5 expandable tubular member. 

A method for dnlling a borehole within a subtenranean formation and then radially 
expanding and plastically defonning an expandable tubular member within the drilled 
borehole has been described that includes positioning an adjustable expansion 
10 mandrel within the expandable tubular member, coupling a drilling member to an end of 
the expandable tubular member, drilling the borehole using the drilling member, 
positioning the adjustable expansion mandrel and the expandable tubular member 
within the drilled borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular niember, increasing the outside dimension of the adjustable 
5 expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member n times to radially expand and plastically deform n 
portions oi the expandable tubular member within the drilled borehole, and pressunng 
an intc *ior portion of the expandable tubular member above «the adjustable expansion 
mandrel during the radial expansion and plastic deformation of the expandable tubular 
member within the drilled borehole. 

A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first 
expandable tubular member, coupling a drilling member to an end of the first 
expandable tubular member, drilling a first section of the borehole using the drilling 
member, supporting the first expandable tubular member and the adjustable expansion 
mandrel within the dniled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion 
mandrel upwardly relative to the first expandable tubular member m times to radially 
expand and plastically defomi m portions of the first expandable tubular member within 
the drilled first section of the borehole, pressuring an interior portion of the first 
expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic defomnation of the first expandable tubular member within the 
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first dniied section of the borehole, positioning the adjustable expansion mandrel within 
a second expandable tubular member, coupling the drilling member to an end of the 
second expandable tubular member, dniling a second section of the borehole using the 
drilling member, supporting the second expandable tubular member and the adjustable 
5 expansion mandrel within the borehole in overiapping relation to the first expandable 
tubular member within the second drilled section of the borehole, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the second expandable tubular 

10 member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the drilled second section of the borehole, and 
pressuring an interior portion of the second expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of 
the second expandable tubular member within the drilled second section of the 

15 borehole. 

An apparatus for radially expanding and plastically defonning an expandable tubular 
member has be^n described that includes a float shoe adapted to ma with an end of 
the expandable tubular member, a first adjustable expansion mandrel coupled to the 

20 float shoe adapted to be controllably expanded to a first larger outside dimension for 
radial expansion of the expandable tubular member or collapsed to a first smaller 
outside dimension, a second adjustable expansion mandrel coupled to the first 
adjustable expansion mandrel adapted to be controllably expanded to a second larger 
outside dimension for radial expansion of the expandable tubular member or collapsed 

25 to a second smaller outside dimension, an actuator coupled to the first and second 
adjustable expansion mandrels adapted to controllably displace the first and second 
adjustable expansion mandrels relative to the expandable tubular member, a locking 
device coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device. The first larger outside 

30 dimension of the first adjustable expansion mandrel is larger than the second larger 
outside dimension of the second adjustable expansion mandrel. 



A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has been described that includes positioning first and 
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second adjustable expansion mandrels wrthin the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole, lowering the first adjustable expansion 
mandrel out of the expandable tubular member, increasing the outside dimension of 
5 the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel upwardly relative to the expandable tubular member to radially expand and 
plastically defonn a lower portion of the expandable tubular nlember, displacing the first 
adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the expandable tubular member, decreasing the outside 

10 dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, and displacing the second 
adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform portions of the expandable tubular member 
above the lower portion of the expandable tubular member. The outside dimension of 

15 the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

A method for forming a ^-nono diameter wellbore casing has been describe <*.J that 
includes positioning first and second adjustable expansion mandrels within a first 

20 expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within a borehole, lowering the first 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outside dimension of the first adjustable expansion mandrel displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 

25 to radially expand and plastically defonm a lower portion of the first expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, 

30 displacing the second adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically defomi portions of the 
frrst expandable tubular member above the lower portion of the expandable tubular 
member, positioning first and second adjustable expansion mandrels vi^hin a second 
expandable tubular member, supporting the first expandable tubular member and the 
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first and second adjustable expansion mandrels within the borehole in overlapping 
relation to the first expandable tubular member, lowering the first adjustable expansion 
mandrel out of the second expandable tubular member, increasing the outside 
dimension of the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel upwardly relative to the second expandable tubular member to 
radially expand and plastically defonm a lower portion of the second expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, and 
displacing the second adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically defomi portions of the 
second expandable tubular member above the lower portion of the second expandable 
tubular member. The outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 

An apparatus for radially expanding and plastically defomning an expandable tubular 
member has been described that in ludes a float shoe adapted to mate with an end of 
the expandable tubular member, a first adjustable expansion mandrel coupled to the 
float shoe adapted to be controllably expanded to a first larger outside dimension for 
radial expansion of the expandable tubular member or collapsed to a first smaller 
outside dimension, a second adjustable expansion mandrel coupled to the first 
adjustable expansion mandrel adapted to be controllably expanded to a second larger 
outside dimension for radial expansion of the expandable tubular member or collapsed 
to a second smaller outside dimension, an actuator coupled to the first and second 
adjustable expansion mandrels adapted to controllably displace the first and second 
adjustable expansion mandrels relative to the expandable tubular member, a locking 
device coupled to the actuator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for 
sealingly engaging the expandable tubular adapted to define a pressure chamber 
above the first and second adjustable expansion mandrels during the radial expansion 
of the expandable tubular member. The first larger outside dimension of the first 
adjustable expansion mandrel is larger than the second larger outside dimension of the 
second adjustable expansion mandrel. 
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A method for radially expanding and plasticaHy deforming an expandable tubular 
member within a borehole has been described that includes positioning first and 
second adjustable expansion mandrels within the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole, lowering the first adjustable expansion 
mandrel out of the expandable tubular member, increasing the outside dimension of 
the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel upwardly relative to the expandable tubular member to radially expand arKi 
plastically deform a lower portion of the expandable tubular member, pressurizing an 
interior region of the expandable tubular member above the first adjustable expansion 
mandrel during the radial expansion of the lower portion of the expandable tubular 
member by the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative 
to the expandable tubular member, decreasing the outside dimension of the first 
adjustable expansion mandrel and increasing the outside dimension of the second 
adjustable expansion mandrel, displacing the second adjustable expansion mandrel 
upwardly relative to the expandable tubular n^smber to radially expand and plastically 
deform portions of the expandable tubular memt)er above the lower portion of the 
expandable tubular member, and pressurizing an interior region of the expandable 
tubular member above the second adjustable expansion mandrel during the radial 
expansiori of the portions of the expandable tubular member above the lower portion of 
the expandable tubular member by the second adjustable expansion mandrel. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside 
dimension of the second adjustable expansion mandrel. 

A method, for forming a mono diameter wellbore casing has been described that 
includes positioning first and second adjustable expansion mandrels within a first 
expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within a borehole, lowering the first 
adjustable expansion mandrel out of the first expandable tubular member, increasing 
the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 
to radially expand and plastically defomn a lower portion of the first expandable tubular 
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member, pressurizing an interior region of the first expandable tubular member above 
the first adjustable expansion mandrel during the radial expansion of the lower portion 
of the first expandable tubular member by the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel and the second adjustable expansion 
mandrel downwardly relative to the first expandable tubular member, decreasing the 
outside dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member 
to radially expand and plastically deform portions of the first expandable tubular 
member above the lower portion of the expandable tubular member, pressurizing an 
interior region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial expansion of the portions of the first expandable 
tubular nniember above the lower portion of the first expandable tubular member by the 
second adjustable expansion mandrel, positioning first and second adjustable 
expansion mandrels within a second expandable tubular member, supporting the first 
expandable tubular member and the first and second adjustable expansion mandrels 
within the borehole in overiapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of '^.e second expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular rnember to radially expand and plastically defomn a lower portion of 
the second expandable tubular member, pressunzing an interior region of the second 
expandable tubular member above the first adjustable expansion mandrel during the 
radial expansion of the Ipwer portion of the second expandable tubular member by the 
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel 
and the second adjustable expansion mandrel downwardly relative to the second 
expandable tubular member, decreasing the outsijde dimension of the first adjustable 
expansion mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of 
the second expandable tubular member, and pressurizing an interior region of the 
second expandable tubular member above the second adjustable expansion mandrel 
during the radial, expansion of the portions of the second expandable tubular member 
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above the lower portion of the second expandable tubular member by the second 
adjustable expansion mandrel. The outside dimension of the first adjustable expansion 
mandrel is greater than the outside dimension of the second adjustable expansion 
mandrel. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a support member, a locking device coupled 
to the support member and releasably coupled to the expandable tubular member, an 
adjustable expansion mandrel adapted to be controllably expanded to a larger outside 
dimension for radial expansion and plastic deformation of the expandable tubular 
member or collapsed to a smaller outside dimension, and an actuator coupled to the 
locking member and the adjustable expansion mandrel adapted to displace the 
adjustable expansion mandrel upwardly through the expandable tubular member to 
radially expand and plastically deform a portion of the expandable tubular member. In 
an exemplary embodiment, the apparatus further includes a gripping assembly coupled 
to the support member and the actuator for controllably gripping at least one of the 
expandable tubular member or another tubular member. In an exemplary embodiment, 
the apparal'^s further Includes one or more cup seals coupled to -.he support member 
for sealingly engaging the expandable tubular member above the adjustable expansion 
mandrel. In an exemplary embodiment, the apparatus further includes an expansion 
mandrel coupled to the adjustable expansion mandrel, and a float collar, assembly 
coupled to the adjustable expansion mandrel that includes a float valve assembly and a 
sealing sleeve coupled to the float valve assembly adapted to be radially expanded and 
plastically defomied by the expansion mandrel. 

A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole has also been described that includes supporting the 
expandable tubular member, an hydraulic actuator, and an adjustable expansion 
mandrel within the borehole, increasing the size of the adjustable expansion mandrel, 
and displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically defonn a 
portion of the expandable tubular member. In an exemplary embodiment, the method 
further includes reducing the size of the adjustable expansion mandrel after the portion 
of the expandable tubular member has been radially expanded and plastically 
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deformed. In an exemplary embodiment, the method further includes fluidicly sealing 
the radially expanded and plastically defonned end of the expandable tubular member 
after reducing the size of the adjustable expansion mandrel. In an exemplary 
embodiment, the method further includes permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator after fluidicly 
sealing the radially expanded and plastically deformed end of the expandable tubular 
member In an exemplary embodiment, the method further includes injecting a 
hardenable fluidic sealing material into an annulus between the expandable tubular 
member and a preexisting structure after permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator. In an 
exemplary embodiment, the method further includes increasing the size of the 
adjustable expansion mandrel after pemnitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator. In an exemplary 
embodiment, the method further includes displacing the adjustable expansion cone 
upwardly relative to the expandable tubular member to radially expand and plastically 
deform another portion of the expandable tubular member. In an exemplary 
embodiment, the method further includes if the end of the other portion. of the 
expandable tubular P'^^mber overlaps with a preexisting structure, then nc pennitting 
the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator, and displacing the adjustable expansion cone upwardly relative to 
the expandable tubular member using the hydraulic actuator to radially expand and 
plastically deform the end of the other portion of the expandable tubular member that 
overlaps with the preexisting stmcture. 

A method for forming a mono diameter wellbore casing within a borehole that includes 
a preexisting wellbore casing has t^een descnbed that includes supporting the 
expandable tutxjlar member, an hydraulic actuator, and an adjustable expansion 
mandrel within the borehole, increasing the size of the adjustable expansion mandrel, 
displacing 4he adjustable expansion mandrel upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically defomi a 
portion of the expandable tubular member, and displaang the adjustable expansion 
mandrel upwardly relative to the expandable tubular memtier to radially expand and 
plastically deform the remaining portion of the expandable tubular member and a 
portion of the preexisting wellbore casing that overlaps with en end of the remaining 
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portion of the expandable tubular member. In an exemplary embodiment, the method 
further includes reducing the size of the adjustable expansion mandrel after the portion 
of the expandable tubular member has been radially expanded and plastically 
deformed. In an exemplary embodiment, the method further includes fluididy sealing 
the radially expanded and plastically defonned end of the expandable tubular member 
after reducing the size of the adjustable expansion mandrel. In an exemplary 
embodiment, the method further includes permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator after fluididy 
sealing the radially expanded and plastically defonned end of the expandable tubular 
member. In an exemplary embodiment, the method further indudes injecting a 
hardenable fluidic sealing material into an annutus between the expandable tubular 
member and the borehole after permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator. In an exemplary 
embodiment, the method further indudes increasing the size of the adjustable 
expansion mandrel after pemiitting the position of the expandable tubular member to 
float relative to the position of the hydraulic actuator. In an exemplary embodiment, the 
method further indudes displacing the adjustable expansion cone upwardly relative to 
the expandable tubular membei :o radially expand and plastically deform the remainin 
portion of the expandable tubular member. In an exemplary embodiment, the method 
further includes not permitting the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator, and displacing the adjustable 
expansion cone upwardly relative to the expandable tubular member using the 
hydraulic actuator to radially expand and plastically deform the end of the remaining 
portion of the expandable tubular member that overlaps with the preexisting wellbore 
casing after not pemnitting the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator. 

It is understood that variations may be made in the foregoing without departing from 
the scope of the invention. For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, or a stnictural 
support Furthemfiore, the elements and teachings of the various illustrative 
embodiments may be combined in whole or in part in some or all of the illustrative 
embodiments. In addition, the expansion surfaces of the upper and lower cone 
segments, 600 and 602. may indude any fonm of indined surfece or combination of 
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inclined surfaces such as, for example, conical, sphencal. elliptical, and/or parabolic 
that may or may not be faceted. Finally, one or more of the steps of the methods of 
operation of the exemplary embodiments may be omitted and/or perfonmed in another 
order 

5 

Although illustrative embodiments of the invention have been shown and described, a 
wide range of modification, changes and substitution is contemplated in the foregoing 
disclosure. In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. Accordingly, ft is 
1 0 appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention 
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Claims 

What is claimed is: 

5 1 . A locking device for locking a tubular member to a support member, comprising: 
a radially movable locking device coupled to the support member for engaging an 
interior surface of the tubular member 

2. The device of claim 1 , further comprising* 

10 a pressure sensor for controllably unlocking the locking device from engagement 

with the tubular member when an operating pressure exceeds a predetermined 
amount. 

3. The device of claim 1 . further compnsing: 

15 a position sensor for controllably unlocking the locking device from ertgagement 

with the tubular member when a position exceeds a predetemiined amount. 

4. A method of locking a tubular member to a su. * 3ort member, comprising: 
locking a locking element in a position that engages an interior surface of the 

20 tubular member. 

5. The method of claim 4, further comprising: 

controllably unlocking the locking element from engagement with the tubular 
member when an operating pressure exceeds a predetermined amount. 

25 

6. The method of claim 4, further comprising: 

controllably unlocking the locking element from engagement with the tubular 
member when a position exceeds a predetemiined amount 

30 
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1. An apparatus for radially expanding and plastically defonming an expandable 
tubular member, comprising* 

a float shoe adapted to mate with an end of the expandable tubular member; 

an adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension; 

an actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; and 

a support member coupled to the locking device. 

2. A method for radially expanding and plastically defomiing an expandable tubular 
member within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular 
member; 

sipporting the expandable tubular member and th; adjustable expansion 
mandrel within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically defonn n portions of the 

expandable tubular member 

3. A method for fomning a mono diameter wellbore casing, comprising, 
positioning an adjustable expansion mandrel within a first expandable tubular 

member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel wrthtn a borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 
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displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically defomi m 
portions of the first expandable tubular member within the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
5 member; 

supporting the second expandable tubular member and the adjustable expansion 
mandrel within the borehole in overlapping relation to the first expandable tubular 
member; 

lowenng the adjustable expansion mandrel out of the second expandable tubular 
10 member; 

increasing the outside dinnension of the adjustable expansion mandrel; and 
displadng the adjustable expansion mandrel upwardly relative to the second 
expandable tubular member n times to radially expand and plastically defpmi n 
portions of the second expandable tubular member within the borehole. 

15 

4. An apparatus for radially expanding and plastically defonning an expandable 
tubular member, comorising: 

a float shoe adapted to mate with an end of the expandable tubuU » member; 
an adjustable expansion mandrel coupled to the float shoe adapted to be 
20 controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension; 

an actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular member; 
a locking device coupled to the actuator adapted to controllably engage the 
25 expandable tubular member; 

a support member coupled to the locking devtee; and 

a sealing member for sealingly engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

30 

5. A method for radially expanding and plastically defonming an expandable tubular 
member wthin a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular 
member 
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supporting the expandable tubular member and the adjustable expansion 
mandrel within the borehole, 

lowering the adjustable expansion mandrel out of the expandable tubular 
member; 

5 increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member n times to radially expand and piastically defomi n portions of the 
expandable tubular member within the borehole; and 

pressurizing an interior region of the expandable tubular member above the 
10 adjustable expansion mandrel during the radial expansion and plastic deformation of 
the expandable tubular member within the borehole. 

6. A method for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
15 member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel within a borehole; 

lowenng the adjustal»e expansion mandrel out of the first expandable tioular 
member; 

20 increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and piastically deform m 
portions of the first expandable tubular member within the borehole; 

pressurizing an interior region of the first expandable tubular member above the 
25 adjustable expansion mandrel during the radial expansion and plastic defomiation of 
the first expandable tubular mernber within the borehole, 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

supporting the second expandable tubular member and the adjustable expansion 
30 mandrel within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 
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displacing the adjustable expansion mandrel upwardly relative to the second 
expandat>le tubular member n times to radially expand and plastically defomi n 
portions of the second expandable tubular member within the borehole; and 

pressurizing an intenor region of the second expandable tubular member above 
the adjustable expansion mandrel during the radial expansion and plastic defonDation 
of the second expandable tubular member within the borehole. 

7. An apparatus for drilitng a borehole within a subten^nean fonnation and then 
radially expanding and plastically defomning an expandable tubular member within the 
drilled borehole, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension; 

an actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular member, 

a locking device coupled to t«3 actuator adapted to controllably engage the 
expandable tubular memk>er; and 

a support member coupled to the locking device. 

8. A method for drilling a borehole within a subterranean formation and then radially 
expanding and plastically defonning an expandable tubular member within the drilled 
borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular 
member; 

coupling a drilling member to an end of the expandable tubular member; 
drilling the borehole using the drilling member; 

positioning the adjustable expansion mandrel and the expandable tubular 
member within the drilled borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular 
memt>er; 

increasing the outside dimension of the adjustable expansion mandrel, and 
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displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member n times to radially expand and plastically defonn n portions of the 
expandable tubular mehiber within the drilled borehole. 

9. A method for forming a mono diameter wellbore casing within a borehole, 
comprising: 

positiontng an adjustable expansion mandrel within a first expandable tubular 
member; 

coupling a drilling member to an end of the first expandable tubular member; 

drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel within the dniled first section of the borehole; 

lowenng the adjustable expansion mandrel out of the first expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular memfc^r within the dniled first section of the 
borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

coupling the drilling member to an end of the second expandable tubular 
member; 

drilling a second section of the borehole using the drilling member; 

supporting the second expandable tubular member and the adjustable expansion 
mandrel within the borehole in overlapping relation to the first expandable tubular 
member within the second drilled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the second 
expandable tubular mernber n times to radially expand and plastically defonn n 
portions of the second expandable tubular member within the drilled second section of 
the borehole 
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10. An apparatus for drilling a borehole within a subtenranean formation and then 
radially expanding and plastically deforming an expandable tubular member within the 
drilled borehole, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a dnlling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe -adapted to be 
controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension; 

an actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member, 

a support member coupled to the locking device; and 

a sealing member for sealing engaging the expandable tubular member adapted 
to define a pressure chamber above the adjustable expansion mandrel during the 
radial expansion of the expandable tubular member 

11. A method for drilling a borehole within a subterranean formation and then radially 
expanding and plastically defonning an expandable tubular member within the drilled 
borehole, comprising* 

positioning an adjustable expansion mandrel within the expandable tubular 
member; 

coupling a drilling member to an end of the expandable tubular member; 
drilling the borehole using the drilling member; 

positioning the adjustable expansion mandrel and the expandable tubular 
member vyithin the drilled borehole; 

lowenng the adjustable expansion mandrel out of the expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member n times to radially expand and plastically defomi n portions of the 
expandable tubular member within the drilled borehole, and 
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pressuring an interior portion of the expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of 
the expandable tubular member within the drilled borehole 

12. A method for fomiing a mono diameter wellbore casing within a borehole, 
comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
member: 

coupling a drilling member to an end of the first expandable tubular member; 

drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion 
mandrel within the drilled first section of the borehole; 

towering the adjustable expansion mandrel out of the first expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically deform m 
portions of tlo first expandable tubular member within the drilled First section of the 
borehole; 

pressuring an interior portion of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of 
the first expandable tubular member within the first drilled section of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

coupling the dniling member to an end of the second expandable tubular 
member, 

drilling a second section of the borehole using the drilling member, 

supporting the second expandable tubular member and the adjustable expansion 

mandrel within the borehole in overiapping relation to the first expandable tubular 

member Mothin the second dnlled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular 

member. 

increasing the outside dimension of the adjustable expansion mandrel; 
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displacing the adjustable expansion mandrel upwardly relative to the second 
expandable tubular member n times to radially expand and plastically defonn n 
portions of the second expandable tubular member within the drilled second section of 
the borehole; and 

5 pressuring an interior portion of the second expandable tubular member above 

the adjustable expansion mandrel dunng the radial expansion and plastic deformation 
of the second expandable tubular member within the drilled second section of the 
borehole 

10 13. An apparatus for radially expanding and plastically defonning an expandable 
tubular member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outside dimension for radial expansion of the 
15 expandable tubular member or collapsed to a first smaller outside dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside dimension for 
radial expansion of the expandable tubular member or collapsed to a secor *i smaller 
outside dimension; 

20 an actuator coupled to the first and second adjustable expansion mandrels 
adapted to controllably displace the first and second adjustable expansion, mandrels 
relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; and 
25 a support member coupled to the locking device; 

wherein the first laiger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of the second adjustable 
expansion mandrel 

30 14 A method for radially expanding and plastically defomiing an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the 
expandable tubular member; 
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supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole; 

lowering the first adjustable expansion mandrel out of the expandable tubular 
member; 

5 increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defomi a lower portion of 
the expandable tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable 
10 expansion mandrel downwardly relative to the expandable tubular member 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defonn portions of the 
15 expandable tubular member above the lower portion of the expandable tubular 
member; 

wherein the outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimensic « i of the second adjustable expansion mandrel. 

20 15. A method for forming a mono diameter wellbore casing, comprising: 

positioning first arKi second adjustable expansion mandrels within a first 
expandable tubular member; 

supporting the first expandable tubular member and the first and second 
adjustable expansion mandrels v^thin a borehole; 
25 lowering the first adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically deform a lower portion of 
30 the first expandable tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable 
exparision mandrel downwardly relative to the first expandable tubular member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 
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displacing the second adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above the lower portion of the expandable tubular 
member; 

positioning first and second adjustable expansion mandrels within a second 
expandable tubular member; 

supporting the first expandable tubular member and the first and second 
adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member, 

lowering the first adjustable expansion mandrel out of the second expandable 
tubular member, 

increasing the outside dimension of the first adjustable expansion mandrel. 

displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform a lower portion of 
the second expandable tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the r.econd expandable tubular member; 

decreasing the outside dimension of he first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; and 

displacing the second adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically defonm portions 
of the second expandable tubular member above the lower portion of the second 
expandable tubular member; 

wherein the outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 

16. An apparatus for radially expanding and plastically defonning an expandable 
tubular member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member. 

a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a first smaller outside dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside dimension for 
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radial expansion of the expandable tubular member or collapsed to a second smaller 
outstde dimension; 

an actuator coupled to the first and second adjustable expansion mandrels 
adapted to controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; 

a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular adapted to 
define a pressure chamber above the first and second adjustable expansion mandrels 
during the radial expansion of the expandable tubular member; 

wherein the first larger outside dimension of the first adjustable expansion 
mandrel is Targer than the second larger outside dimension of the second adjustable 
expansion mandrel. 

17. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole^ comprising: 

positioning first and secorKi adjustable c pansion mandrels within the 
expandable tubular member; 

supporting the expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole; 

lowering the first adjustable expansion mandrel out of the expandable tutnilar 
member; 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defonm a lower portion of 
the expandable tubular member, 

pressurizing an interior region of Ihe expandable tubular member above the first 
adjustable expansion mandrel during the radial expansion of the lower portion of the 
expandable tubular member by the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the expandable tubular member, 

decreasing the outskle dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 
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displacing the second adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defonn portions of the 
expandable tubular member above the lower portion of the expandable tubular 
member; and 

pressurizing an interior region of the expandable tubular member above the 
second adjustable expansion mandrel during the radial expansion of the portions of the 
expandable tubular member above the lower portion of the expandable tubular member 
by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 

18. A method for forming a mono diameter wellbore casing, comprising: 

positioning first and second adjustable expansion mandrels within a first 

expandable tubular member; 

supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a t>orehole; 

loweripq the first adjustable expansion mandrel out of the first expandable tubular 

member, 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically defomi a lower portion of 
the first expandable tubular member; 

pressurizing an interior region of the first expandable tubular member above the 
first adjustable expansion mandrel during the radial expansion of the lower portion of 
the first expandable tubular member by the first adjustable expansion mandrel; 

displadng the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular member; 

decreasing the outside dimension of the first adjustable . expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the first 
expandable tubular member to radially expand and plastically defomn portions of the 
first expandable tubular member above the lower portion of the expandable tubular 
member; 
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pressurizing an interior region of the first expandable tubular member above the 
second adjustable expansion mandrel during the radial expansion of the portions of the 
first expandable tubular member above the lower portion of the first expandable tubular 
member by the second adjustable expansion mandrel; 

positioning first and second adjustable expansion mandrels within a second 
expandable tubular member; 

supporting the first expandable tubular member and the first and second 
adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member; 

lowenng the first adjustable expansion mandrel out of the second expandable 
tubular member; 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform a lower portion of 
the second expandable tubular memt)er: 

pressurizing an interior region of the second expandable tubular member above 
the first adjustable expansion mandrel during the radial expansion of the low^r portion 
of the second expa^^ dable tubular memt)er by the first adjustable expansico mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the second expandable tubular member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel; 

displacing the second adjustable expansion mandrel Upwardly relative to the 
second expandable tubular member to radially expand and plastically deform portions 
of the second expandable tubular member above the lower portion of the second 
expandable tubular member; and 

pressurizing an interior region of the second expandable tubular member above 
the second adjustable expansion mandrel during the radial expansion of the portions of 
the second expandat^le tubular member above the lower portion of the second 
expandable tubular member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 
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19. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 
a support member; 

a locking device coupled to the support member and releasably coupled to the 
5 expandable tubular member; 

an adjustable expansion mandrel adapted to be controllably expanded to a larger 
outside dimension for radial expansion and plastic defonnation of the expandable 
tubular member or collapsed to a smaller outside dimension; and 

an actuator coupled to the locking member and the adjustable expansion 
10 mandrel adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically deform a portion of the 
expandable tubular member. ^ 



20. The apparatus of claim 19, further comprising: 

15 a gripping assembly coupled to the support member and the actuator for 

controllably gripping at least one of the expandable tubular member or another tubular 
member. 

21 . The apparatus of claim 19, further comprising: 

20 one or more cup seals coupled to the support member for sealingly engaging the 

expandable tubular member above the adjustable expansion mandrel. 

22. The apparatus of claim 19, further comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
25 a float collar assembly cou|:^ed to the adjustable expansion mandrel compnsing: 

a float valve assembly; and 

a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically defonmed by the expansion mandrel. 

30 23. A method for radially expanding and plastically defomiing an expandable tubular 
member v^hin a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an 
adjustable expansion mandrel within the borehole; 

increasing the size of the adjustable expansion mandrel; and 
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displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member. 

24. The method of claim 23, further comprising: 

reducing the size of the adjustable expansion mandrel after the portion of the 
expandable tubular member has been radially expanded and plastically defomied. 

25. The method of claim 24, further compnsing- 

fluididy sealing the radially expanded and plastically defomied end of the 
expandable tubular member after reducing the size of the adjustable expansion 
mandrel. 

26. The method of claim 25, further comprising. 

permitting the position of the expandable tubular member to float relative to the 
position of the hydraulic actuator after fluidicly sealing the radially expanded and 
plastically deformed end of the expandablr tubular member. 

27. The method of claim 26, ftjrther comprising: 

injecting a hardenable fluidic sealing material into an annuius t>etween the 
expandable tubular memtier and a preexisting structure after penmitting the position of 
the expandable tubular member to float relative to the position of the hydraulic actuator. 

28. The method of claim 26, further comprising: 

* 

increasing the size of the adjustable expansion mandrel after pemiitting the 
position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

29. The methpd of daim 28, further comprising: 

dispiadng the adjustable expansion cone upwardly relative to the expandable 
tubular member to radially expand and plastically defomi another portion of the 
expandable tubular member 

30. The method of claim 29, further comprising: 
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if the end of the other portion of the expandable tubular member overlaps with a 
preexisting structure, then 

not pemiitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator; and 

displacing the adjustable expansion cone upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically defomi 
the end of the other portion of the expandable tubular member that overlaps with the 
preexisting structure. 

31. A method for fomning a mono diameter wellbore casing within a borehole that 
includes a preexisting wellbore casing, compnsing: 

supporting the expandable tubular member, an hydraulic actuator, and an 
adjustable expansion mandrel within the borehole; 

increasing the size of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically defomri a 
portion of the expandable tubular member; and 

displacing the adjustable expansion man rel upwardly relative to the expandable 
tubular member to radially expand and plastically defomi the remaining portion of the 
expandable tubular member and a portion of the preexisting wellbore casing that 
overlaps with an end of the remaining portion of the expandable tubular member. 

32. The method of claim 31 , further comprising: 

reducing the size of the adjustable expansion mandrel after the portion of the 
expandable tubular member has been radially expanded and plastically defomied. 

33. The method of claim 32, further comprising: 

fluidicly sealing the radially expanded and plastically defomied end of the 
expandable tubular member after reducing the size of the adjustable expansion 
mandrel. 

34. The method of daim 33, further comprising: 
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permitting the position of the expandable tubular member to float relative to the 
posHion of the hydraulic actuator after fluidicly sealing the radially expanded and 
plastically defomied end of the expandable tubular member. 

35. The method of claim 34, further comprising: 

injecting a hardenable fluidic sealing material Into an annulus between the 
expandable tubular member and the borehole after pemnitting the position of the 
expandable tubular member to float relative to the position of the hydraulic actuator. 

36. The method of daim 34, further comprising- 

increasing the size of the adjustable expansion mandrel after permitting the 
position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

37. The method of claim 36. further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable 
tubular member to radially expand and plastically defonn the remaining portion of the 
ex| >indable tubular memt)er. 

38. The method of claim 37, further comprising: 

not permitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator; and 

displacing the adjustable expansion cone upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and plastically defomi 
the end of the remaining portion of the expandable tubular member that overlaps with 
the preexisting wellboie casing after not pennitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator. 
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Amendments to the claims have been filed as follows : 



1 . A locking device for locking a tubular member to a support member, comprising: 
a radially movable locking device coupled to the support member for engaging an 
5 interior surface of the tubular member 

vi^herein the locking device comprises a positive casing locking dog having an 
external flange that includes a ribbed external surface that Is adapted to engage and 
lock onto a ribbed intemal surface of a positive casing locking collar, 

wherein the positive casing locking collar is threadabty coupled to the tubular 
10 member. 



2. A method of locking a tubular member to a support member, comprising: 

locking a locking element in a position that engages an interior surface of the 
tubular member by engaging a ribbed external surface of an extemal flange of a 
15 positive casing locking dog with a ribbed intemal surface of a positive casing locking 
collar that is threadably coupled to the tubular member 



3. The method of claim 2. further comprising: 

controllably unlocking the locking element from engagement with the tubular 
20 member when an operating pressure exceeds a predetermined amount. 

4. The method of claim 2. further comprising: 

controllably unlocking the locking element from engagement with the tubular 
member when a position exceeds a predetemriined amount 
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